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Saudi Arabia has witnessed massive growth of its petrochemical industry over the preceding 
accompanied with a noticed rapid growth in the construction industry. Getting a successful project 
from all aspects means completing the project within allocated budget and specified period, in 
addition to having safety and continuous operation with minimum maintenance for the rest of 
facility life. The efficient way to apply this idea is through extending constructability practice to 
involve issues related to operation and maintenance 
This study aims to investigate the understanding of project owner the importance of incorporating 
operation and maintenance issues at early project stages, and to investigate the importance of 
incorporating operation and maintenance issues at early project stages.  
Both qualitative and quantitative methods have been used (Mixed method) in this study to cover 
its objectives. The qualitative research method was used to generate the theoretical background of 
this research basically based on the conducted interviews, while the utilized quantitative approach 
was the pre-designed questionnaire. The study population will consist from all employees who are 
working in Petrochemical Companies in Saudi Arabia. The survey has been distributed on more 
than 120 employees who are working in Petrochemical Companies in Saudi .whereas, semi-






Petrochemical Companies in Saudi Arabia. The study results revealed that implementing 
operability and maintainability should be done at early project development stage, and there are 
many benefits from involving operability and maintainability concepts within constructability 
practice, which are having a smooth operation, followed by having a minimum maintenance, 
ensuring safety considerations in all project phases, monitoring the project budget and finally 





























راشد الخالدي عبد هللا سعود :االسم الكامل  
دمج قابلية التشغيل والصيانة في التنفيذ البنائي في مشاريع البتروكيماويات عنوان الرسالة:  
شييدهندسة وإدارة الت التخصص:  
2017أكتوبر :تاريخ الدرجة العلمية  
 
العربية السعودية تطّور ضخم في مجال صناعة البتروكيماويات والتي ترافقت مع النمو الملحوظ في صناعة شهدت المملكة 
التشييد. ويرتبط نجاح المشروع بكافة جوانبه يعني القدرة على إكماله بحدود التكلفة المقدرة له ، وخالل المدة المحددة ، إضافة 
ل بأقل حاجة للصيانة خالل فترة حياة المنشأة. الطريقة األمثل لتحقيق ذلك هو من الى تحقيقه جوانب السالمة والتشغيل المتواص
خالل توسعة ممارسات البناء لتشمل على جوانب التشغيل والصيانة. تهدف الدراسة الحالية الى التحقيق في درجة فهم مدراء 
 ، وأهميتها في هذه المرحلة تحديداً.المشاريع بأهمية دمج جوانب التشغيل والصيانة في المراحل االولى للمشروع 
لتحقيق أهداف الدراسة تم استخدام األسلوب المختلط باالعتماد على المنهج الوصفي التحليلي. تم استخدام المنهج الوصفي لبناء 
انة. تكون مجتمع خلفية نظرية للدراسة باستخدام أداة المقابلة ، بينما اعتماد المنهج الكمي)التحليلي( على استخدام أداة االستب
موظف منهم  120الدراسة من كافة العاملين في شركات البتروكيماويات في المملكة العربية السعودية. تم توزيع االستبانة على 
من المدراء العاملين في هذه الشركات. كشفت نتائج الدراسة بضرورة قابلية التشغيل والصيانة  4، بينما تم عمل المقابالت مع 
ل االولى من تطوير المشروع ، كما أن هناك العديد من الميزات من تطبيق هذه المبادئ في منهج بناء المخطط ، مثل في المراح
الحصول على عملية تشغيل ميسرة ، باالضافة الى تقليل عمليات الصيانة ، التأكد من معايير السالمة في كافة مراحل المشروع 









1.1 General Overview 
Since 1973, the Kingdom of Saudi Arabia has witnessed a rapid growth in the construction industry 
that extended to include all regions of the Kingdom. This enormous construction growth is a 
reflection of several factors. The first factor is the improvement of the economic situation due to 
the increase in oil revenues during that period. The second factor is operating the country income 
through implementing residential and industrial projects by governments. Consequently, the 
integration of these elements has facilitated in enhancing the development of construction projects. 
Part of construction development is the projects that relate to petrochemical sector, which involves 
many parties such as owners, designers, technology licensor, agents, contractors and sub-
contractors. Therefore, it is extremely important to align all project team and maximize the efforts 
to bring all experience, lesson learn and difficulty faced in previous petrochemical projects. 
Getting a successful project from all aspects means completing the project within allocated budget 
and specified period, in addition to having safety and continuous operation with minimum 
maintenance for the rest of facility life (Flores-Colen & Brito, 2010). Applying this concept in 
every project guide to enhance project scope, improve quality and better value for money. In 
addition, to utilizing the experience of end-user who are operation and maintenance team (Jergeas 






The efficient way to apply this idea is through extending constructability practice to involve issues 
related to operation and maintenance, as it focuses on reviewing project processes from the 
beginning to close-out during pre-construction phase. 
Constructability or Buildability concept was defined as the process which includes optimizing the 
indispensable background experience throughout project feasibility planning and design phases, 
where this can be achieved through the collaboration of all members of the project team (O’Connor 
et al., 1987). Jergeas & Der (2001) clarified that constructability offers a prospect to shorten the 
project duration, has a better process of the final product, and reducing the amount of expenditure 
that might be wasted when construction activities are separated from planning and engineering 
phase (Jergeas & Der, 2001). Constructability can optimize many project aspects from the 
beginning till the close-out of the project, such as monitoring the overall project scheme, using the 
best fit design, avoiding any overdue on project activities and controlling the approved budget 
(ASCE, 1991). 
Therefore, constructability is considered as the right tool to apply this idea. Constructability 
contains all the ingredients that help in involving issues related to operation and maintenance since 
early time of project and taking actions against them. 
1.2 Problem Statement 
Nowadays, the Kingdom of Saudi Arabia has the largest petrochemical industrial city worldwide 
is called Jubail Industrial City. Despite the numerous benefits and revenues of petrochemical sector 
in the Kingdom, it is still faces several significant challenges that undoubtedly will affect the 






to get market share. To meet the challenges, organizations must infuse quality and performance 
improvement initiatives in all aspects of their operations to improve their competitiveness. 
In addition, a reliable production system has been considered as a crucial factor for 
competitiveness. Thus, achieving excellence in maintenance issues has to be treated during project 
development stages. Achieving this vision requires concentration on applying constructability 
practice throughout the project lifecycle along with addressing operability and maintainability 
issues.  
Chan (2004) clarified that many types of research have highlighted different factors of successful 
project delivery. However, the dereliction of integration different project aspects has been point 
out as one cause of hindering the project success. 
Extending constructability to involve operability and maintainability concepts is recommend to 
highlight the operation and maintenance concerned during planning and engineering phase to 
minimize the facility downtime. The petrochemical facility in the United States spends more than 
200 Billion Dollars yearly on equipment repairs and facility downtime (Fogel and Petersen 1997). 
Mobley (1990) indicated that the manufacturing industry including petrochemical facility 
consumes 15% to 40% of products revenue on operation issue and maintenance cost. 
Although Saudi petrochemical industry implements the constructability practice on the 
petrochemical projects, project owners still suffer from downtime and rework cost after the 
commissioning and startup of the facility due to design issues. Hence, incorporating operation and 
maintenance issues during constructability practice could provide significant savings in project 






The addressed problem of this research came from lack of appropriate integration O&M and 
engagement of diverse partners during the lifecycle of various petrochemical projects, resulting in 
leading successful projects to jeopardy. Such segregation between the concepts of operability, 
maintainability and constructability have derived to numerous reworks also claims for additional 
cost because of changes in project scope, this is most often occur in projects relate to petrochemical 
sector. Previous researchers talked about implementation of constructability concept in industrial 
projects seem to be insufficient to settle these research questions, where it is to some extent covers 
utilized as a tools to address Operability and Maintainability concepts.  
1.3 Research Objective 
The current study aims to achieve the following objectives:  
1. To investigate the understanding of project owner the importance of incorporating operation and 
maintenance issues at early project stages. 
2. Integrate operation and maintenance issues in early project phases through utilizing 
constructability practice. 
1.4 Significance of This Study 
Saudi Arabia has witnessed massive growth of its petrochemical industry over the preceding years 
through achieving a typical accomplishment. This effort was made by the attention and support 
that was found by the Saudi Arabia government, through focusing on the role of attaining the 
strategic and economic goals of the Kingdom (Saudi Hollandi Capital, 2012). Saudi Arabia now 
has the largest petrochemical industrial city in the world (Gerlowski and Al-Othman, 2014). 






To maintain the performance of the Saudi petrochemical projects sector, it is important to 
recognize projects obstacles at the initiation stage to avoid or at least reduce the construction fault, 
schedule delay and cost overrun. Furthermore, to attain the anticipated result, an effective 
implementation of constructability practice in Saudi petrochemical projects is recommended.  
Constructability in Saudi Arabia is considered as a modern idea, where there are no many 
researchers have addressed this matter, while many countries around the world have implemented 
of constructability concept on their projects which lead to the optimization of the total cost over 
project life cycle. 
 Also, extending constructability to address operability maintainability (O&M) will help on having 
soft, precise, safety and economic system performance. Therefore the system should be designed 
to maintain and operate without significant investment in time and cost, avoid any impact on the 
environment and minimize resource utilization, such as; manpower, materials and equipment's 
(Dunston & E.Williamson, 1999). 
1.5 Research Objective 
This research will focus on utilizing the concept of constructability as a tool to address operation and 











2. Literature Review 
2.1 Issues in operation and maintenance at petrochemical projectS 
The failures of getting the optimum operation and maintenance after commission of petrochemical 
facility are considered extremely significant. This due to the tremendous costs of operation and 
maintenance and the shortage of a comprehensive investigation, which combines the whole project 
lifecycle in a unique structure (Flores-Colen & Brito, 2010).  
There are some technical issues that have always been significant causes of high-priced reworks 
throughout operation and maintenance at the post-construction stage, where they do not refer to a 
particular phase and may occur through the planning, engineering, site construction or even post-
commissioning phases of petrochemical projects where comprise: 
1. Design Problems, those can be avoided in the early phases (design and planning phases) 
through an early decision-making process. In addition to integration of operation and 
maintenance knowledge and experience. This would limit confusion about the project 
characteristics, as well as the uncertainties of designers toward the operation and maintenance 
concerns (Christer & Whitelaw, 1983). 
2. Construction Problems, those occur during operation and maintenance due to of faulty or 
unexamined constructions, or as a consequence of inefficiencies of stakeholders. Low-
quality construction is an example of the significant technical obstacles and results in the 
necessity to carry out multiple repairs throughout the operation and maintenance (Flores-






lifecycle stages must be operated in order to prevent such problems, which mostly arise 
because of the separation of implementing constructability, operability & maintainability. 
3. Maintenance Problems, those failures occurring because of inadequate maintenance 
systems, interpersonal conflicts, improper maintenance policies, incorrect location, and 
having staff with low knowledge. Maintenance problems consider the most critical 
technical problems, where such problems are having diverse and direct influences on 
successful project delivery, while their attentiveness during implementing constructability 
practices are recommended, where getting to know the corporate intentions of the clients 
lead to better maintenance implementation (Josephson & Hammarlund, 1999). In order to 
accomplish that, Alshehri et al. (2015) clarified that attractive experience and knowledge 
operation and maintenance personnel to the constructability practice can have a significant 
influence on decreasing the number of operation and maintenance problems or reworks. 
4. New Technological Problems, those in some projects affect operation and maintenance 
significantly. As they cause many problems for operation and maintenance personnel, 
wherein some petrochemical projects are not normally flexible enough to accommodate to 
modern technological circumstances. Owning a realistic, operation, and maintenance 
sensitive arrangements for the petrochemical projects can considerably diminish the 
quantity of reworks resulting from such influential problems (Lam et al., 2010). Lam et al. 
(2010) added that using innovative operation and maintenance thoughts at an initial time 
of project baseline can limit the obstacles created by new technology and facilitate the 
successful accomplishment of the overall project aspirations. 
5. Resource Management Problems, there are many predicaments that are related to the 






of equipment and selection of low-quality materials (Lavy & Shohet, 2004). Therefore, 
through constructability practice, operability and maintainability are needed to analyze the 
availability of equipment and system for having a more efficient operation and 
maintenance implementation. 
These kinds of dilemmas require being regularly monitored and assessed during the planning and 
design phases of petrochemical projects through the integration of operability and maintainability 
while implementing constructability practice which definitely leads to the successful delivery of 
petrochemical projects. In fact, many of these obstacles occur because of the lack of awareness of 
operation and maintenance concerns during the planning, design, and construction phases.  
2.2 Constructability Overview 
2.2.1 Definition  
 
Construction Industry Institute (CII) (1987) identifies constructability as “Optimum integration of 
construction knowledge and experience in planning, engineering, procurement and field operations 
to achieve overall project objectives”. Nima (2001) defined constructability as “Integrating 
construction knowledge, resources, technology, and experience in the engineering and design of a 
project”.  
There are other definition of constructability includes “a process that utilizes construction 
personnel with extensive construction knowledge early in the design stages of projects to ensure 
that the projects are buildable, while also being cost-effective, biddable, and maintainable” (Ugwu 
et al., 2004). Fisher and Rajan (1990) defined the constructability as “A measure of the ease or 






capability of being constructed” or “The application of a disciplined, systematic optimization of 
the construction-related aspects of a project during the planning, design, procurement, 
construction, test and start up phases by knowledgeable, experienced construction personnel who 
are part of a project team, to enhance the project’s overall objectives” (ASCE, 1991). 
To enhance the construction process, constructability concept can be addressed at the beginning 
of the project either through formalized system or informally (Nima, 2001). Applying the 
constructability principal often relies on the nature of the project and contract type. The most 
significant in using the constructability principal is to be worked at an early stage to offer 
opportunities to influence saving for budget and boost the quality of the project life (Hanlon & 
Sanvido, 1995). However, applying the constructability concept often adds a potential value to the 
project (Stamatiadis et al., 213). In addition to making some saving on budget and boost work 
quality, the benefit can extend to include ease of construction activities, get more focus on safety 
at the project site and reduce construction schedules (Othman, 2011). 
Construction field often so challenging to size the benefit respecting applying constructability 
concept, as the implementation of constructability requires an amount of money to perform and 
add further work load to the project designer to review design comments (Stamatiadis et al., 213). 
However, the cost and time saved during construction are greater than the expenditures made to 
conduct the review.  
However, implementing of constructability concept can result in two ways of benefits either 







Figure 1: Benefits of Constructability 
(Russell et al., 1994) 
 
As shown in Figure 1, quantitative part of constructability benefits contains a reduction in design 
cost, field execution cost, and duration of a project schedule. The decrease in design cost could be 
achieved by applying the international standards, realizing owner requirements, consider regional 
and situational characteristic, experience in selecting the appropriate material and verify the final 
design through using a software module.  
The reduction in construction costs differs from the reduction in design cost as its requires using 
less manpower and decrease the number of fixed construction equipment. Moreover, reduction in 
project schedule can associate with making a cost saving from reducing activities duration, fast 
track jobs that may expand the project time if kept in sequence manner and focus on tracing the 







Comparing with quantitative part, the qualitative part emphasis on several aspects that it will apply 
accurately and particularly throughout the project construction period where many activities are 
performed simultaneously. Definitely qualitative part focused on developing project quality in the 
field by attaining manageable and safe construction performance, starting with fixing a preferable 
access to the work site through organizing the movement of the heavy vehicle, specifying area for 
placing the procured material, in addition to accommodating early planning of crane lifting along 
with determinate barrication of area required.  
Rework is often happening due to performing inadequate work that does not match with the work 
to be accomplished according to the contract. Typically, this rework results from various reasons 
that either have a direct or indirect effect, but at the end whatever the reason be its obligatory to 
perform the require work and ultimately will adversely affect project cost and schedule (Russell et 
al., 1994). 
Communication, in general, is the transference of meaningful information among involved parties 
and an essential step in the efficient decision-making process, as it involves written, oral, formal 
or informal information, which aimed to achieve the key objectives that fall within the vision of 
the stakeholders and ensure its success (Burton et al., 2013). So looking to enhance the 
communication between stakeholders is something essential in promoting trust between parties 
and getting a continual accomplishment.  
Safety incident in professional work considers as a major threat to the lives of the labors who make 
up the basic resources of any construction work. Comparing with other business field, construction 
works considered one of the most work environments prone to accidents, where it involves injuries 






materials dropping from high rise (Jergeas & Der, 2001). As well as injuries caused by improper 
using of mechanical tools. Therefore, increase the awareness level of safety and insist not to violate 
safety procedure lead to get millions of safe man hours and have a smooth start-up of the facility 
(Jergeas & Der, 2001). 
2.2.2 Concepts and Principle  
 
From the concept, constructability emphasis on utilizing the good past projects practices and 
implement them during project life cycle, especially things that could be carried out at early project 
engineering stage where it has a potential to occur a radical change in the project scope. Moreover, 
it guides to have a smoother way of identifying design obstacles before proceeding work in site 
construction which ultimately helps in reducing unnecessary expense (CII, 1987). 
Arditi et al. (2002) mentioned that in industrial project there are two available kinds of reviewing 
documents that demonstrate application of constructability. The first one focuses on having proper 
project management in terms of employ available resources and maintain approved project budget, 
while the other concentrates on project technical aspect through looking for higher quality of 
deliverables, also, confirmed design feasibility before proceeding on-site construction. In addition 
to extending the possibility to explore an alternative technique to have ease facility execution. 
At most of the time, petrochemical project used a traditional way of project lifecycle, where the 
real involvement of construction agency, General Contractor (GC) and Sub-contractor (Sub-C) 
who are responsible for executing the work, came after accomplishing of the Front Engineering 
Package (FEEP) which focus on basic engineering and rough investment of the project (Connor & 






specifications of materials and equipment’s with suppliers as shown in Figure 2. Through this 
approach more than 40% of the project life cycle has been complete without any contribution from 
the project executor (Singleton, 2010). Therefore, this method considers woefully inadequate 
where it sometimes delivers worthy results but often contentious and causes some delay that might 
be measured as the main reason to disrupt project progress. Eventually, project will go over budget 
and might reach to have disputes in case both parties or one of them does not abide to contract 
agreement. 
Integrated project lifecycle focuses on involvements of owner, agency, designer, engineers and 
execution contractor from an early time of the project and acts cooperative and collaborative as 
one team. This approach of project lifecycle briefs the intended purpose of constructability 
concept, as it will help in identify and narrow the gap between design and construction phase, also, 
lead to increase the value to the owner through maximizing effectiveness, minimize waste and 
optimize project outcomes. In line with the booming of the petrochemical sector and multiplicity 
of projects of all kinds, as the demand has become imperious to optimize the application of 
constructability and utilize provided benefits, at the top of those benefits is financial savings 







Figure 2: The Difference Between Project Lifecycles 
(Lee, 2013) 
Despite the availability of several factors such as following design standards and used the 
professional software within the traditional lifecycle aims to provide optimal design and then get 
smoother construction period; such these factors are not enough to substitute the application of 
constructability (O’Connor et al., 1986).  
In 1980s, CII reviewed three antecedent types of research that concentrate on examine 
constructability perceptions and came out with tailoring valuable information that could give a 
share in developing constructability implementation (CII, 1987). The first research was focusing 






the sake of evolving project master plan and review the expected project layout (Tatum et al. 1986). 
Second research, which conducted by O'Connor & Davis (1988), determined numbers of matters; 
that if taken into account at construction time of any project, definitely will guide to have a perfect 
operation after commissioning of the project. These issues include having a clear plan by arranging 
the tasks in sequence manner, availability of construction equipment at the site location, site 
accessibility, and facility inspection. Last research done by O'Connor et. (1986) insists on how to 
utilize the construction experience to add value in the design stage. Figure 3 illustrates the time of 
construction input is critical to influencing over the cost saving. As the greatest opportunity to 
reduce project cost and make saving is at early project phases. 
 
Figure 3: Ability of Constructability to Influence the Cost 
(Construction Industry Institute (CII) USA, 1987) 
Several types of research have been developed about the basic constructability concepts over the 






emphasized on having six constructability concepts applicable for implementation in planning 
stage in addition to other six concepts appropriate for design stage as following: 
Constructability concepts in the planning stage: 
1. Constructability practice should be considering as an integral to the project execution plans. 
2. Planning of project activities should be addressed base on knowledge and experience of 
previous projects. 
3. Starting the construction activities at early time have to reflect as an enhancement of the 
contract scheme.  
4. Master project schedules is the primary factor in determining the status of the project. 
5. At planning stage, the main construction ways have to be evaluated. 
6. Facility layout must be reviewed to confirm the accessibility to major equipment at 
maintenance time.  
Constructability concepts in design stage: 
1. Design schedule must not affect by construction activities. As the construction, plan should 
develop at early time of project.  
2. The review of design packages has to be perform through a person who has construction 
experience to have efficient execution. 
3. Project items ought to follow international standards to avoid influence project budget 
negatively.  






5. After completing the design and before progress on construction, the 3D module needs to 
be reviewed for seeking the possibility of fabrication and installation accessibility at site.  
6. Project stakeholder need to consider the impact of weather condition on the design and 
method of execution.   
The CII conducting several studies about how to develop constructability concepts and make it 
applicable to all industrial projects. That done through producing a best practice, manual of 
implementation and matrix represent the applicability of constructability principles according to 
project stages as shown in Table 1 (CII, 1987). 
The primary challenge of applying constructability is how to integrate constructability ideas in a 
very efficiently manner at each phase (Hugo et al. 1990). Hence, to attain the ultimate advantage 
from implementing constructability, it is recommended to being integrated into the early time of 
project development stages; which includes planning plus conceptual design phases. As its 
considered developing the groundwork for future project progress and address critical issues such 
as an impact on environmental and safety. When constructability integrated into early project 
phases, then project should get benefit from reducing number of changes and minimize possibility 
of having schedule delays and cost overruns (Gibson et al. 1995). 
Toward getting a successful project delivery, it is recommended to utilizing the construction 
knowledge of project personnel at the design and construction phases where the major job is to 






Obtaining objectives of constructability is under the accountability of project stakeholder. Also, 
achieving the objective required excellent technical skills from project partners (Edum-Fotwe and 
McCaffer, 2000). 
Manpower, equipment, and materials are essential to project resources that require management 
attention since early project time till the time of installing physically at the work site (Kastor and 
Sirakoulis, 2009). During the project time, it is important to take into consideration the possibility 
of any external factors such as labor strikes, delay deliverables and some other associated 
uncertainties (Akinsola et al., 1997). 
To have a very clear forward path of the project future progress it is good to establish dedicated 
constructability program since conceptional design phase.  Therefore, during the design stage 
project management should consider which construction methodology the will select (Chau, 1997). 
Every project is a unique project where the custom tailored specifications applicable for the 
designated project. It is a responsibility of project team to ensure consistency of the project 
specifications with international standard (Salleh, 2009). 
Applying a typical accessibility plan lead to obviate potential conflicts and allow for smooth 
transportation throughout entire project (Geurs and Ritsema van Eck, 2001). Moreover, its ensure 
having a sufficient space so any maintenance activity in the facility can safely perform. 
Innovation in construction is essential for growth. Also, increase the challenge to effectively satisfy 
project objectives and demand of the society (Dulaimi, 2005). It is mostly recognized as the 






Feedback is a helpful tool that supports in signifying moving things in the correct direction and 
avoid the presence of any obstacle that may hinder production performance (Bhattarai, 2007). The 
benefit of providing feedback is to deliver guidance of a useful method after commissioning the 
facility, which will help maintain continues efficiency. 
Table 1: Constructability Matrix 
(Construction Industry Institute, 1987) 
 
2.2.3 Current Implementation 
 
Currently constructability implements through a review process or a workshop that designed to 
identify project obstacles, conflicts or potential problems that may encounter at design and 
construction stage. Performing the constructability review at planning stages of project is 
considered critical to controlling time and cost growth (CIIA, 1996). This constructability review 






the project design, attempt to limit change orders and eliminate getting disputes. On the other hand, 
the review process helps in having a higher quality of construction documents, a greater 
understanding of the project scope that ultimately result in getting smoother construction process 
without any delay in project schedule or cost overrun (Francis et al., 2011).   
Constructability review process achieved by qualified designers, professional engineers from 
various discipline, and managers who have the ability and knowledge to cover all project aspects.  
All review members ought to be able and authorized to make or obtain immediate 
recommendations and decisions regarding items addressed at review time (James, 1998). Normally 
the review team leader is a project engineer who is responsible for coordinating the schedule and 
location for the review meeting with other team members. Even when engineering consultants 
managing the preparation of the design package, it is one of the responsibilities for the project 
engineer to coordinating with the consultant office. 
To acquire efficient and effective review meetings, project engineers should develop meeting 
agenda and provide a sufficient time for team from multiple disciplines. Along with specialized 
expertise to interact by sorting their question, idea illustration and provide their agreement based 
on evidence to avoid any conflict might occur and impact project scope, schedule, budget, quality, 
and safety (Francis et al., 2011). In addition to managing the preparation of constructability 
checklists for each discipline in advance and assure all documents relate to design are available 
during the meeting in case it is required (James, 1998)  
Each review meeting should be documented in a report, where the report allows for monitoring 
and tracking documents review and project schedule. Also, summarize the constructability review 






tasks that required an action on a specified target date to make it closed (Francis et al., 2011). The 
benefit of the meeting report extends to enable the design team to evaluate design progress if its 
behind, on track or ahead of schedule. At the end of any review meeting, a copy of the report 
circulated to the review team members for their action and one copy kept as a reference. 
Besides the importance of review report and documentation is considered very essential especially 
the lesson learned which frequently came from previous projects experience or decisions made at 
the review stages. Hence, maintaining the history of lessons learned will help avoid loss of time 
of recurrence of decision that was discussed extensively, and action is taken previously (CIIA, 
1996). 
Each constructability review stage includes completion of a unique knowledge as per project plan. 
To track project progress, and confirm the fulfill each stage requirements, and applying applicable 
standards and procedures, constructability implementation checklist is developed. Then, complete 
checklist list help in measure actual vs. plan percentage of work performed till review meeting.  
The firms should not only rely on the checklists to cover the details aspect of the project as its only 
provide general project status.  In this situation, it is imperative to have a mechanism that goes and 
displays all the excellent project details, toward quantify the level of project success and identify 
the area that required development to reach the optimum desired level of project success.  
As illustrated in Figure 4, constructability review process consists of four review points. The first 
review considered as a primary review where its conduct at the preliminary engineering phase 
following preparation of Project Definition Report (PDR), that is mainly focused on build the 






Simultaneously, with initial review, the value engineering conducted to confirm the cost 
effectiveness scheme to get the project objective (Gambatese & James, 1999).  
 
Figure 4: Constructability Reviews Process  
(Gambatese & James, 1999) 
Because of criticality of the designing phases and the potential impact on project life cycle in case 
of misunderstanding the design scope, the constructability review focused intensely on the design 
stage, where it contains four review points and scheduled as per percent of design completion 0, 
30, 60 and 90% to cross check and confirm the design condition as well as a guide to have ease of 
construction without schedule and cost impact (Gambatese & James, 1999). In fact, the 0% review 
does not take into account while conducting a constructability review for the complex projects as 
it is only applicable to the relatively small projects, which does not have those significant technical 
issues (Capone et al., 2014).  
The following constructability review is at 30% design completed, where the general layout is 
supposed to be sufficiently developed. Furthermore, the primary geometry of the projects has to 






an input to rectify upcoming project detail design.  This provides sufficient time for modification 
without effecting the delivery of major milestone and assigned budget. 
The 60% review done after completing more than half of the project design. For that reason, this 
review considers as a most crucial review in ensuring the involvement of all necessary guidelines 
and direction to approach the final detail design.  
Usually, ultimate constructability review presents at 90% design completed, where it considered 
as the last stage to crosscheck the detail design documents and confirmed the possibility and 
accessibility of site construction (Gambatese & James, 1999). This point is the most significant 
point in the review, as its consider as the last line of defense for the firms about any modification 
to the project scope to get an appropriate design that meets the project requirement without 
charging any amount of money. As the execution contractor after this stage of review will be the 
one who owns the decision of change order if the firm wants to adjusted project design (Capone 
et al., 2014).  
At this platform, all review team must recognize that any shortcutting or disregard to the 
constructability review process does not eliminate problems. As it will only assist in accelerate 
project progress and delays discovery of the problems. As a result, it is always recommended to 









2.3 Operability and Maintainability (O&M) Overview 
2.3.1 Definition  
 
Operability and Maintainability (O&M) concepts aimed to have ease of operation and maintenance 
of the petrochemical facility projects through transfer operation and maintenance experience after 
the startup stage to the early developing time of the project. 
Operability defined as “the ability of an organization to operate a facility in a safe and efficient 
manner" (Meador, 1995). The ultimate goal of facility operability is to design and construct a 
facility that will remain safe, efficient and cost effective throughout its lifetime use” (Cox & 
Thompson, 1997). Uwohali-Incorporated (1996) defined the concept of operability as the “ability 
to operate a system which is performing its intended use”. 
Similarly, maintainability was defined by Dhillon (1999) “the measures taken during development, 
design and installation of a manufactured product that reduce required maintenance, man-hours, 
tools, logistic cost, skill levels, and facilities”. Therefore, during the design stage of any equipment 
& system, the team responsible for reviewing the design must consider the possibility of 
maintaining equipment & system with a minor cost. In addition to having, minimum influences to 
the environments.   
Maintainability defined by Dunson & Williamson (1999) as “the design characteristic which 
incorporates function, accessibility, reliability, and ease of servicing and repair to all active and 
passive system components, that maximizes costs, and maximizes benefits of the expected life 






Moreover, maintenance job was defined by Anderson and Neri (1990) as “deals with the specific 
procedures, tasks, instructions, personnel qualifications, equipment and resources needed to satisfy 
the system maintainability requirement within an actual use environment". 
The previous section displays various studies focus on details about the concept of constructability 
practice and current implementation. While less care has been given in considering operability and 
maintainability issues in design phase which may affect facility performance after startup. 
However, neglect considering operation and maintenance concerns from the initiation time of 
project till start-up the facility can lead to decrease equipment and system performance from one 
end and increase the cost of maintenance from the other end (Meier & Russell, 2000). 
Manufacturing projects in specific, consume between 15 % to 40% of the product cost on 
maintenance repair (Mobley 1990). American studies indicate the manufacturing companies paid 
every year >$200 billion on repairing maintenance equipment’s (Fogel and Petersen 1997). 
Consequently, decreasing the higher percent of cost consumed during operation and maintenance 
in petrochemical projects represents a significant chance for saving in the project budget (Meier 
& Russell, 2000). 
 Thus, listed definitions highlight the urgent need for implementing O&M as its show the ability 
to operate the equipment and system safely and on reliable manner according to the experience 








2.3.2 Concepts of Operability and Maintainability (O&M) 
 
The idea of operability was developed at early of 70th were aimed to address safety issue at an 
early time of construction industrial facilities (Lawley, 1974). Therefore, it is very crucial to be 
implemented in order to detect any potential risk within manufacturing process of the facility. 
Moreover, operability study digs in detail to figure out unsafe conditions are likely occurred causes 
and consequence of components failures (Saghatforoush et al., 2012).  
Thus, most of the challenges faced by manufacturing industry in operation field came from 
limitations in the process design, specifically in operation parameters such as physical properties 
and production rate (Houshyar, 2004). Occasionally, some facility bass through abnormal 
condition, due to several sources of uncertainties. Those uncertainties are expected to generate 
process disturbances, which might result in getting off-spec production. For that reason, it is crucial 
to determine feasible operating zone to obtain safe, profitable, and robust process operations 
(Saghatforoush et al., 2012).  
As having feasible design guides to attaining a steady plant operability. Hence, introducing 
operability concepts from early time of any manufacturing project is important toward get a stable 
plant operation, where designer experts along with the owner of the facility can perform some 
assessment and analysis on the design input aiming to determine if there are available inputs that 
are sufficient to attain the target production under safe operation conditions (Lawley, 1974).  
Usually, at the design stage of the industrial project, a workshop has to be conducted to identify 
potential hazard that project could face, which could worsen and affect the environment at first 






Hazards and Operability Analysis (HAZOP), where it becomes so critical when the probability of 
risk gets to the community (HAZOP Guidelines, 2000). Hence, owner operation team has to 
concentrate their knowledge and experience in a systematic manner with the goal to ensure that all 
issues being addressed. 
Definitely, HAZOP analysis emphasis on safety issues, but it also seeks to cover operability issues 
that could lead to poor economic performance, even if they do not result in unsafe conditions 
(Manufacturing Technology Committee, 2015). Operability problems could be excessive manual 
operations that would delay production, lack of sufficient equipment for rapid startup, and 
inadequate measuring devices to enable plant personnel to monitor and diagnose potential 
incidents before they lead to equipment damage or substantial economic loss (Saghatforoush et al., 
2012). 
The final goal of any industrial facility is to be available to operate and perform its functions to 
produce intended product over its design life. As a result, maintainability becoming progressively 
important due to the high operating and supporting costs, where military jets aircraft in US 
consumes $1.6 million annually on maintenance, which roughly equal to 11% of operating budget 
of US jets (Omdahl, 1988). Therefore, the primary objective of apply maintainability concept is to 
reduce repairs cost and time, in contrast, used to define equipment availability. 
Implementing maintainability concept at early project time, result in reducing facility downtime 
and increase the possibility to access to the highest degree of facility performance (Boem, 1981). 
Maintainability points need to be implemented throughout project design phase that aims to cover 
areas that have the potential to develop easiness of maintenance and guarantee to have minimum 






Therefore, while designing the equipment or system of the facility, the designer along with 
suppliers needs to cooperate to confirm having adequate support throughout operation of the 
facility assets. This really what makes maintainability as a key driving element in making facilities 
run smoothly over its design life with the ability to modify and upgrade facility assets.  
At the basic engineering or FFED, it is recommended highlighting the concerns that must be 
maintained in the system. This will certainly result in having a robust design system that never 
fails during the lifetime unless some external factors caused failure and requirement need for 
repair. Furthermore, maintainability extended to include system breakdowns of the design to 
diagnose in detail the problem and the ability to repair it in very short time. Also, focus on having 
available stock of spare part when it needed.  
Operability and Maintainability (O&M) have a strong relationship that came from the effect of 
good maintainability on having a sustainable operation and obtains the target production 
(Saghatforoush et al., 2012). In some cases, where there is an issue that might hinder facility 
operation, then result in excellent maintainability appears by acting immediately to restore the 
problem so the system can return to normal operation conditions (Omdahl, 1988).  
According to Griffin (1993), the operation and maintenance issues consume between 50% to 80% 
of the total project budget as shown in Figure 5. This apparently shows that the design of any 
project must not only focus to fit the construction schedule and budget (Cox & Thompson, 1997) 








Figure 5: Life-Cycle Costing Profile 
(Griffin, 1993) 
2.3.3 Current Implementation  
 
Typically, field operability came from utilizing the knowledge and experience of people who 
worked in operation fields. Operability, in brief, incorporates many ideas that could be included 
the engineering and construction stage to ensure getting the designed asset performance and 
reliability (Sullivan et al., 2010). To achieve this result, operability review process has to implement 
throughout project development along with design team to oblige the designer to be conscious of 
commonly observed hazards, impact upon the environment, unsafe condition and prevent any 
serious accident, which could lead to the occurrence of massive losses (Valenta & Davies, 2006). 
Therefore, operability review is one of the intensive project analyses which is focused on utilizing 
operation expertise’s to ensure quality and availability of enterprise systems (Valenta & Davies, 
2006). It is significant to implement operability concept from the early project time where it can 
assist the designer to select the proper technology system, in addition to considering, the economic, 






Typically, the large projects have two operability review sessions, the first one conduct at the 
completion of the conceptual design as it will go in general about highly priority matters that could 
affect having safe operation, while second review session that called HAZOP have to be conduct 
at detail design phase (Professional Services Group, 1994).  
On the beginning of the operability, review team must have practical experience in system design, 
and maintenance of the major equipment as well as systems operation. The responsibility for the 
design team is to presents a comprehensive overview about project, toward give a general 
perception to review team about project scope and what might be their contribution to having a 
satisfactory operability practice (Rodríguez & Díaz, 2016). Accordingly, the review team will 
determine the best review style. Usually, this involves either reviewing the project with the all 
project team as one group or have the discussion on a smaller group of design and operation staff 
(Baybutt, 2013).  
As illustrated earlier, the operability review starts with the completion of conceptual design as it 
will emphasis on the preliminary level of the design that has been completed. The activities that 
can be performed at this point of time include plant layouts, equipment and heavy machinery plot 
plan which shows the positions of the primary unit, equipment and heavy machinery along with 
their associated infrastructure (Ogburn & El-adaway, 2014). Consequently, the proper 
arrangement is essential to prevent any serious impact on safety, quality standard, project 
economic and operability (Rodríguez & Díaz, 2016). Consider having a design facility lead to meet 
client specifications and government code and regulations. Hence, the first step to achieve this 
objective is to consider all factors that may affect planned layouts. At the operability, review times 






between expecting surrounding structures and consider any future expansion (Professional 
Services Group, 1994).  
From a safe operation point of view, it is important to consider protect any system from any major 
disaster by conducting a hazard study (HAZOP) during the detail design phase of the project (Al-
shanini et al., 2014). As, HAZOP intended to minimize the consequence of unsafe operation 
condition by ensuring following safety standards and work with a high level of reliability to attain 
a safe outcome (Dunj et al., 2010). Therefore, during the operability review at detail design stage, 
a HAZOP study conduct to identify any potential hazards, operational problems and try to produce 
recommendations for any necessary modifications through utilizing the knowledge and experience 
of the operation (Baybutt, 2013). 
Such operation condition of the facility might change due to many reasons. Therefore, the 
operability review team has to build many scenarios of detecting possible deviations from normal 
operating conditions, which might lead to hazardous situations. Deviations identified through the 
examination of the consequences and likelihood of such abnormalities (Baybutt, 2015). As a result, 
the capability and impact on possible safeguards to detect such deviations and protect the facility 
against their resultant effects need to study (Kang & Guo, 2016). Typically, performing this 
operability reviews before the commencement of construction results in reducing both hazards and 
potential operational problems and guide to minimize downtime and have smoother 
commissioning. 
Maintainability as a concept focuses on maintaining the equipment & system effectively and 
efficiently without adversely affecting the scope of the project or the facility after start up. Whereas 






coming maintenance. To attain this goal, maintainability has to be plan since the initiating time of 
the project, as industrial projects often go through many stages starting from the development stage 
till the commissioning and startup of the facility (Sulaiman et al., 2013). Therefore, the 
requirement of having a maintainability review through the baseline of the project is tremendously 
required, where it will demonstrate that every project has a unique timeline based on the kind and 
circumstances surrounding the project, which normally begins with project initiation until reaching 
the final acceptance and project closeout. Throughout the project, timeline maintainability 
conducted several times as a review points (Saghatforoush et al., 2012). The purpose of performing 
several maintainability meetings is to review, check and get confirmed about the applicability of 
available project information and evaluate that input based on knowledge, experience and previous 
lesson learn, then the final decision appear before proceeding with the next step in the project 
timeline (Sulaiman et al., 2013). 
Before progress on conducting maintainability review meeting, the team who will perform these 
tasks has to be defined earlier. Usually, the nominated team selected from different departments 
based on their specialization during the project. Project owner has the authority to involve some 
specialized personnel from the organization who are in charge of certain activities such as 
equipment subject matter experts, preventive maintenance and asset performance (Meier & 
Russell, 2000). 
Pahl and Beitz (1996) clarified that project timeline contains five maintainability reviews meeting 
arranged as per requirements according to project stages. The first review meeting conduct at the 
early project time after idea initiation, business case, feasibility study and selecting the possible 






of the project, where Maintainability review 1 accomplishes at the beginning of projects which is 
aimed to develop understanding and mutual agreement among project stakeholders about the 
further strategy of implement the maintainability concept (Meier and Russell, 2000). Also, involve 
identifying the resources required including manpower and equipment planning to have a 
successful maintainability review of project scope (Pahl and Beitz, 1996). 
After preparation of the conceptual design, which considers as a significant stage of project design, 
where it determines the principles that govern the project deliverables and any decisions made at 
this point result in a major impact on the quality of final deliverables, cost, and market success 
(Pahl and Beitz, 1996). Typically, the inputs for this phase include a revised problem statement, 
refined objectives, constraints, user requirements, and function. Accordingly, after performing the 
given information, the primary outputs of the conceptual design are developing specifications, 
project schedule, cost estimate, design review, and required Proposal Report. Then, the time of 
maintainability review 2 came which emphasis on identify opportunities of apply maintainability 
principle and have the final decision on the proposed conceptual design (Pahl and Beitz, 1996). 
At this stage, project owners have formally approved conceptual design after making the vision of 
the project very apparent to all project stakeholders and knowing the estimated budget to 
accomplish all project tasks, also, to including some percent of the cost as a contingency amount. 
Afterward, the detail design can be started as an extend to the conceptual design, where it involves 
developing the design as per disciplines to make it easier for construction as its go on specific 
details to identify the requirements for the equipment’s & systems regarding the material of 
construction, components, and installation (Meier and Russell, 2000). At the detail design, the 






design as there are many consultants specialized in special stuff. Subsequently, the client may 
advertise the project looking for specialist trade contractors, by meeting the pre-qualification 
questionnaires. Therefore, at this point, it is very essential to conduct Maintainability review 3 
immediately after finalize and confirm the overall design of equipment & system specification and 
parameters and be ready to proceed with procurement and float the bid for site execution (Pahl and 
Beitz, 1996).  
Then the need of maintainability review 4 came at this point to finalize the right location of 
installing equipment’s and heavy machinery’s, taken in consideration site accessibility for future 
maintenance. As project may have new equipment’s and heavy machinery’s, then training must be 
arranging to qualify operation and maintenance group who will be responsible after 
commissioning for the run and maintain this facility (Meier and Russell, 2000). 
The last stage in project timeline is closeout phase, where it is considered the right time to 
implement Maintainability review 5 which focus on review all project aspect and assure final 
deliverables are meeting project requirements. Moreover, review 5 includes ensuring the 
availability of up-to-date final project documents, archiving lessons learned. Accordingly, the 
project owner will sign the final acceptance, closing the financial accounts facility and turn over 








2.3.4 Integration of Operability & Maintainability (O&M) into 
Constructability Implementation  
 
Implementation of constructability, operability and maintainability concepts in isolation from each 
other lead to cause serious problems due to misalignment, where some of the problems will appear 
during the project development. While other will begin to emerge after commissioning and start-
ups the facility, which could cause disruption to the normal operation and need for maintenance 
repairs to return to stable condition (Markus & Mao, 2004).  
On the other hand, some owners prefer to choose accelerate the design stages and short-term cost 
saving by removing operability and maintainability requirement from the design phase. Then, 
when arriving at the after commission stage, they become surprised with the enormous increase in 
the associated cost of operability and maintainability that incurred during the operational stage as 
display in Figure 6. Therefore, NASA (1987) recommended the early involvement of operation 
and maintenance thoughts in the preparation stage, where it has recognized as a critical point for 
project success (Markus & Mao, 2004). 
 






(NASA Recommended Techniques for Effective Maintainability, 1994) 
Consequently, because of the tremendous costs of the operating industrial facility, many 
company’s owners are focusing on having profitable facility through making costs optimization 
on operation and maintenance activities (Ashley & Jaselskis, 1987). In order to attain this mission, 
it has recommended to involving Operability & Maintainability (O&M) concepts within 
constructability practice with the purpose of maximizing the benefits of implementation those 
ideas. In addition, it is provide excellent understanding to the O&M concerns from the early time 
of project lifecycle with the presences of all project partners (Saghatforoush et al., 2012). 
The reason for focusing on extending constructability concepts, that because it is much more 
general practiced and developed than other two concepts, where excellent implementation of 
constructability has the capability to cover some parts of operability & maintainability concerns 
and most probable guide to get adequate operation with controlled maintenance. Thus, integrating 
those concepts with each other makes it surely acquire the optimal result of having a smooth 
operation with minimum maintenance, which is the desired result from this research. This 
integrated approach also contributes to improving project performance from several aspects such 
as early planning, knowledge sharing with all project partners, strengthening communications 
channels, developing experience and lesson learn, regular monitoring and controlling project 
budget and schedule in addition to ensuring safety considerations in all project phases. These 
techniques ultimately guide to have positive work environment through closer relationships 
between all project partners. This methodology provides O&M expertise with an additional 
authority for being engaged in making a decision on approving the design package and 






the owner, where this chance could point out some area of cutting-edge in contractor’s 
performance that is necessary to be bridge.  Geile (1996) confirmed that the early reflection of 
O&M concerns can make savings in allocated budget. 
It was not limited to this extent, where the early discovery of O&M concerns helps all project 
participants to get a clear and comprehensive idea of the project, regarding standards to be 
followed, procedures to be applied, sufficient equipment that capable to carry the load, effective 
preventive maintenance plan and excellent operation method taking into account all the necessary 
precautions to obtain the target of zero incident that all manufacturer industry aim to achieve. 
Having teamwork and constructive criticism with the intention of avoiding any gap that could lead 
to catastrophic failure; result in getting the optimal design that can name as design to fit for 
purpose. Those significant contributions to discovering innovative systems that worked to obviate 
constraints might face in flexibility, accessibility, reliability, constructability, operability and 
maintainability.   
This proposed vision was supported by Lam (2007) who recommended having fruitful 
maintenance schemes that result from having a straightforward design that supposed to be 
understood by all project partners. 
Determining applicable standards and guidelines from the initiation time of project lead to having 
progressive elaboration in the scope of work and eases implementation of O&M activities. Also 
the adjustment that given instruction in project lifecycle to suit performed work provide more 







Nima (2001) indicated that at any project, client and the end user must have a particular 
requirement that ought to be addressed during the project development stages. In fact, the 
implementation of those requirements is consider one of the responsibilities of the contractor. 
Therefore, after completing the project and handing over the facility to the client, facility owner 
can be able to achieve the ultimate goal of having a millions hour of safe operation, a higher target 
of production and minimum downtime for a repair job. 
The failure of inclusion past lesson learned as an input evidence of project design stage is consider 
as a root of subsequent issues for maintenance personnel (Williamson 1996). Therefore, based on 
increasing of maintenance costs, the requirement to manage maintenance activities plays 
significant role in reducing errors by choosing the most appropriate cost-effective strategies (Chew 
et al., 2004). 
All previous discussions insists on the importance of extending constructability practice to involve 
operability and maintainability expertise since planning stage in order to identify the expected area 
of concerns. 
At this point, it becomes worth to clarify the contribution of operability & maintainability concepts 
at the situation of integration along with previous constructability matrix. As it has, additional 
areas to cover when compare with the previous matrix. As presented in preceding chapter, sharing 
of knowledge, experience and predict future problems of O&M has to be addressing to starting of 
planning and design phases through using different techniques. All these attempts show how much 
is serious to integrate operability & maintainability issues since early project phases in addition to 






In addition to the perception of integration, applying specific technical standards for project 
planners and designers in industrial projects consider as a very significant factor to eliminate or at 
least reduce the recurrence of failure (Plockmeyer, 1988). The emphasis on employing particular 
engineering standard because some of the partners as contractors may do not have the knowledge 
of which international standard is most appropriate to accommodate and serve the client needs. 
Hence, early knowing of necessary standards of planning, design phases guide to optimize utilizing 
O&M budget (Saghatforoush et al., 2012). 
Inclusion of O&M inputs at project forefront phases had advantage when it highlighted from 
different project partners that have sufficient levels of skills and experience (Mendelsohn, 1997). 
Hence, this proficiency will help project team to learn from previous experience and mistakes. 
Then, eventually guide to have the robust design within assigned budget (Plockmeyer, 1988). This 
indicates the criticality of bringing the right skills to the right places, which consider as a core that 
supports implement the right decision. 
Decisions taken during planning and design phases provide an unchangeable structure of the whole 
project lifecycle expect in case of raising a claim for a change order (Geile, 1996). Appropriate 
consultations and valuable discussions often turn with a reliable and profitable result, since precise 
and on-time consultations directed entire project program fit for purpose would take into 
consideration the necessary precautions for any factor that could hinder the continued operation 
and cause maintenance issues (Chew et al., 2004). Finalizing the project program also includes 
whatever external causes may affect the progress of project lifetimes as getting approval from an 






program will significantly influence reducing total operability & maintainability costs 
(Saghatforoush et al., 2012). 
At design phases, there must be specific tasks that determine the minimum number of available 
resources, which has to be utilized during the project. Consequently, selection of appropriate 
equipment and material must be according to allocated budget and suitable for operation and 
maintenance (Al-Zubaidi.1997). Therefore, the right time to identify the needs resources are at 
conceptual and detailed design phases, where the aim of performing this task since design stages 
ensure the availability of required resources,  also, avoid having extreme peaks and valleys in the 
at construction time, which is included not only human resource (Saghatforoush et al., 2012). 
However, its cover other resources such as equipment and material. Hence, using resource-leveling 
technic can be able to resolve possible conflicts through managing to balance the workload and 
distribution of required resources (Al-Zubaidi.1997). 
In addition, one of the tasks of design phases is to take into consideration the post-commissioning 
phase regarding having adequate space in the facility for operation and maintenance team to 
perform their activities in the easy manner which called accessibility (Griffith & Sidwell, 1997). 
Griffith & Sidwell (1997) added that facility accessibility becomes extremely necessary when it 
comes to safety in the event of any incident, where there should be a plan for easy access to rescue 
the injured, as well as fire engines to put out fires. 
Operability and maintainability have to be considered during development of specifications, where 
the main advantage is to ensure having an absolute consistency and robust design. Consequently, 






the conceptual design phase (Salleh, 2009). Thus, the initially defined specifications, the greater 
opportunity to achieve optimum quality of select the right materials (Griffith & Sidwell, 1997).  
Having technical leaders since early time of project assist to enhance implementation of operability 
and maintainability and avoid fall in problems. Involving technical leaders along with the deign 
team of multidisciplinary since original schematic designed phase until approaches design phase 
is extremely recommended (Ashley & Jaselskis, 1987).  
In order to deliver an efficient facility that meets target designed, installing equipment and system 
in their correct location necessitates knowledge of the beneficial relationships to interface various 
components. Geile (1996) recommend conveying operational information to project front phases 
toward transmitting operability and maintainability knowledge and enhance the design. However, 
involving O&M partners experience persons at design phases are not easy, where maybe some of 
the team thought, this notices might cause a conflict of interest, which considered as wrong 
thought. 
Detail design phase considers as an extension with deep technical information on conceptual 
phase. Therefore, it is good to have the flexibility to make necessary changes in conceptual phase, 
as it is very tough to forecast magnitude of uncertainty about the impact of future requirements on 
project delivery (Lam, 2007). Which ultimately support in minimizing the probability of having 
claims for the additional cost through a change order. As a particular case in industrial projects, 
there should be a window for easy modified in case of future expansions (Geile, 1996).  
One of the major factors to get to the stage of success in implementing O&M at an early time is to 






within the design phase (Thamhain, 1991). In addition, lack of adequate power possibly may result 
in ignoring their inputs which must not be taken seriously as not only design phases, but also 
extend to include construction phase, where it is considered as the physical stage of work (Lam, 
2007). 
As usual, practice after start project activities will result in making the workplace gradually 
becoming crowded with manpower, materials and equipment’s which makes the place becomes 
dirty in case of no continuous cleaning. Therefore, the concept of cleanability is worthy to be 
consider since starting of design phase till after operating the facility in order to ensure saving the 
environmental and appearance of the working area which reflects the interest of the construction 
team and image of the client in front of the community. Also, it is good to mention that selecting 
proper material at the time of design is significantly influence how it is possible to keep operating 
facility free of dirt. Consideration the concept of cleanability throughout the lifecycle including 
after commissioning phase, reflect as one of the key aspects for ease operation and maintenance 
in industrial projects, where this type of projects contain a lot of hazardous and chemical material 
that can affect the environment and human being. 
As the industrial sector has a various kind of projects, every project has a particular type of system, 
and equipment that applies to their core business (Amaratunga & Baldry, 2001). Hence, 
considering engineering methodology during design and construction phase is extremely 
recommended.  As it will be capable of offering a cost effective design that helps to deliver the 
project within budget. In addition, engineering methodology works to simplify the complicated 
system and makes it workable under certain control through having risk assessment, which aims 






In project management, understand the objective for initiating the project and the outcome benefit 
after design and construction consider as essential information which all team supposed to know 
(Ivory et al., 2001). As a result of identifying project purposes and understand the functionality of 
proposed system, the whole designs can be implemented. Realization of the real functionality of 
every system and equipment, why it is brought, what is the valuable outcome of adding this scope 
of work, is it will support increasing facility efficiency, how it will be repaired, how many hours 
required to return to online in system…etc. All these questions will come from maintenance team, 
who are working to maintain the availability of the equipment is if they are not participating in 
design phases (Ivory et al., 2001).  
After completing construction phases, it is the construction contractors' responsibility to submit 
the documentation and manuals to the client. Therefore, there should be a well-organized, efficient 
and effective handover of documentations, where transfer the ownership of documents to the client 
may lead to having an effect on safety, reliability, operability and maintainability cost efficiencies 
of the project (McGeorge, 1988). The professional delivery plan also contributes to easily find the 
required documents that could be sought by the operations and maintenance staff after years of 
facility operation (Ivory et al., 2001). 
Usually, post project feedback is a very useful and powerful way of adding continuous 
improvement mechanism (Tesch, et al., 2009). This continuous improvement mechanism helps 
make each succeeding project more successful in taking feedback from operation and maintenance 
team during different facility operation time. The feedback can be through several methods where 
the aim is to arrive suggestions and concerns to project designer team as a lesson learns to avoid 






Using innovation idea since the initial concept of design continuance until post-operation could 
significantly help to resolve many problems, where using modern technology can contribute to 
improving operation and maintenance activities. Ling (2003) argued that in order to increase the 
chance of having innovation, it is important to clarify the predictable goals of the innovations to 
all project team members, so they can maximization their capabilities and commitment of 
brainstorming. On the other hand, explore techniques for minimization constraints and challenges 
that reduces the chances of application of innovation.  
Integrating of operability and maintainability concepts along within constructability practice are 
briefly summarized in Table 2. Proper employment of these factors of project lifecycle has a 
substantial impact on the fabulous and efficient application of integrated constructability practice 














Table 2: Integrate O&M along with Constructability Matrix 














3. Research Methodology  
 
3.1  Introduction 
 
The current chapter represents the methodology, which was used in order to achieve the objectives 
of the study. Methodology is defined as the path that the researcher takes to reach the desired goal, 
which is the sum of the tools used by the researcher to provide evidence, proves, and arguments to 
ascertain the validity of a hypothesis or theory (Cooper & Schindler, 2011). Therefore, the 
methodology is a set of procedures and mechanisms recognized by scientists that can be used to 
observe, detect and investigate the acquisition of knowledge and access to facts (Kumar, 2011). 
Cooper & Schindler (2011) pointed out that the main purpose of the methodology is to try to 
understand the things and relationships in the environment in order to reach the theories and laws 
that govern the universe. 
The current chapter includes an explanation of the steps that have been followed, and the data 
sources, which relied upon in data collection, as well as to clarify the data analysis procedures. In 
the end, the validity and reliability of this study were investigated.  
3.2  Research Plan  
 
A summary of the operationalizing steps in this research and the analyses adopted is presented in 







Figure 7: Research Plan 
3.3  Research Philosophy  
 
Philosophy is a key element in any study, where it is used in determining the best design for the 
research (Easterby-Smith et al., 1991). Flick (2011) confirmed that each study includes a set of 
assumptions which may justify the use of the best method. 
There are many factors that control choosing the right philosophy of study. Easterby-Smith et al. 
(1991) mentioned that the objectives of the study and the methods used to achieve the objectives 
of the study are the basic elements that are used to determine the appropriate research philosophy.  
The current research seeks to discuss two basic types of philosophy which are positivism and 
interpretivism (Creswell, 2009). After explaining these two kinds of philosophies, the researcher 
will choose the appropriate philosophy to conduct this study. 






Saunderset et al. (2007) indicated that this type of philosophy is based mainly on the facts that are 
collected through various data collection methods such as observation; it is also used in 
quantitative approaches, such as experimental studies and surveys.   
This type of philosophy is interested in exploring the social realities. This kind of philosophy is 
used in quantitative methods and especially which are associated with the social science studies 
(Hatch and Cunliffe, 2006). 
Keleman and Rumens (2008) indicated that the positivism philosophy is connected in creating the 
theory and then exploring this theory, and thus different suggestion could be created depending on 
the collected data. Hatch and Cunliffe (2006) pointed out to one of the main characteristic of this 
philosophy, where they clarified that this philosophy depends on discussing the data according to 
the performance of the individuals. Therefore, this philosophy may be considered as an objective 
research philosophy that mainly relies on empirical numeral evidences and certain statistical facts. 
- Interpretivism Philosophy 
This philosophy is concerned in collecting the qualitative data by using different methods, such as 
interviews and case studies (Livesey, 2006; Hatch and Cunliffe, 2006). Blaikie (1993) clarified 
that this philosophy can also be called as the anti-positivist philosophy. Saundres et al (2003) added 
that this philosophy is linked to the attitudes of respondents and their thoughts and ideas. Saunders 
et al. (2009) indicated that the interpretivism philosophy cannot be generalised on various world 
actions. This philosophy basically concentrates on the nature of relations that connect between 
individuals. 
Two other paradigms have been recognized by Creswell (2009) such as the ‘advocacy / 






utilized a qualitative research method, but in some cases, it could utilize quantitative research 
methods (Creswell, 2009). This philosophy always utilized in political research to add efficient 
reforms that could enhance the life quality for individuals who are involved in the study (Neuman, 
2007). Whereas, the pragmatic philosophy is considered as opposed to the above-mentioned 
philosophy which is the positivist one. The researchers who followed this philosophy basically 
concentrate on what and how the research could be accomplished by focusing on the objectives 
that must be covered (Creswell, 2009). The pragmatism often utilized on mixed methods studies 
as this paradigm permits researchers utilize different data collection and analysis methods to 
investigate various assumptions, and concepts.  
The researcher admits that each research has a particular approach, and this approach depends 
primarily on the objectives and the nature of the research. The researcher thinks that the pragmatic’ 
philosophy as this philosophy is considered consistent with a mixed research approach (Creswell, 
2009). The aim of the study is to utilize the concept of constructability as a tool to address operation 
and maintenance issues at Saudi Arabia petrochemical projects. So pragmatic ontological is the 
most suitable approach to recognize the single and multiple realities regarding this issue.  
3.4 Research Approach  
 
Cooper and Schindler (2006) clarified that the methodology of the study reflect the strategies that 
will be used to achieve the objectives of the study, as the research methodology can be determined 
based on the attitudes and behaviors of the researcher. The qualitative and quantitative approaches 







[1] Qualitative Approach 
The qualitative research approach is based mainly on the exploration. Creswell (1994) indicated 
that quantitative research is a model that enables the researcher from developing the details by 
participating in actual experiments. Qualitative research is built on a social phenomenon that is 
explored from the perspective of the participants. Williams (2007) clarified that qualitative 
research includes collecting and explaining the collected data. Creswell (2003) defined the 
qualitative research as an effective model that happens in the natural environment where the 
researcher can develop the details by participating in the actual experiences. 
Williams (2007) stated that the qualitative research is based on inductive method rather than 
deductive reasoning, where questions are configured and the researcher must answer them and 
explain them, and this is different from the qualitative research which involves exploring the 
relationship between the variables. The qualitative research does not include the presence of 
assumptions (Leedy and Ormrod, 2001). Qualitative research is based on collecting the data used 
to explain certain phenomenon based on modern theories. Williams (2007) clarified that this 
approach is mainly used in the studies, which includes interviews and case study. 
[2] Quantitative Approach 
The quantitative approach deals with numbers or anything that can be measured in a systematic 
way to discover a relevant phenomenon or to reveal on the relationship between two variables or 
more (Kumar, 2005). This kind of research methods is used in answering the questions that aim to 
reveal the relationship between set of variables, as well as to explain and interpret the nature of 






Sukamolson (2011) defined the quantitative research as the research that is based on the numerical 
representation to describe and explain certain phenomenon. This type of research is used largely 
in the natural and social sciences (Creswell, 2012). Cohen and Manion (1980) indicated that 
quantitative research is a social search applies experimental methods, which are described in 
particular phenomenon as it exists in the real world, not as it should be in the real world. Creswell 
(1994) defined the quantitative research as the type of research which is based on collecting the 
data to describe the phenomenon and analyze this data using a combination of statistical methods. 
Sukamolson (2011) added that that the quantitative research mostly related to measure the social 
reality. 
Leedy (1993) indicated that the quantitative research leads to prove or deny the research 
hypotheses and this is based on the facts that have been gathered from the study population. 
Quantitative approach is done through collecting the information based on the hypotheses or the 
theories, and then this data is analyzed by applying descriptive or deductive statistics (Sukamolson, 
2011).  
3.4.1  The Used Research Approach 
 
To be able to achieve the objectives of this research, both qualitative and quantitative methods 
have been used (Mixed method). The qualitative research method was used to generate the 
theoretical background of this research based on the conducted interviews and the literature 
review, by reference to studies, books and articles related to the subject of the current study, while 






represents a mean to collect data through a particular type of conversation, where this conversation 
can be done, either face to face or by phone, or through e-mail (Dillman, 2007).  
The Mixed Method is a method in which a researcher collects and analyze the data, and integrate 
between the findings and the conclusions obtained from the quantitative and qualitative methods 
and all of that is done in the same study or research (Creswell, 2014). 
The researcher has used the mixed method specifically for more than one reason. First, the 
researcher believes that a single source of data is not enough, where the qualitative data helps in 
understanding the phenomenon of the research in depth through the study of a small number of 
individuals, in contrast, quantitative data helps in understanding the phenomenon through a large 
number of individuals with an attempt to study limited elements, and in this case, the study will 
not be in-depth. 
In addition, the results of qualitative studies are insufficient to reach clear and profound 
interpretations by individuals, while the results of quantitative research can clarify the relationships 
between the various elements or factors in general. In this case, the researcher sees that using the 
mixed method will help to achieve a better understanding and from more than one perspective of, 
especially if the nature of the research needed to achieve this.  
The mixed approach permits the researcher to collect the study data from a huge number of 
respondents, answers the question from a number of perspectives and ensures that there are no 
gaps to the collected data, and this could aid in generating a better understanding for the study 






3.5  Data Collection Methods 
 
Collecting data from primary and secondary sources are the two main methods which are used in 
the data collection process, where the researcher has used both of them to achieve the objectives 
of the study. Saunders et al. (2007) indicated that the primary data is the data which are designed 
and collected by researcher to answer the study questions and to achieve the objectives of the 
study, it is also known as the data collected from the study population, which is used to gain access 
to accurate and effective results (Saunders et al., 2007). The respondents from employees of 
Petrochemical Projects will represent the primary data of this study through the survey. Malhotra 
& Birks (2007) indicated that primary data has a high degree of accuracy because it is directly 
connected to the research study’s topic; also this data has a high degree of accuracy because it is 
directly connected to the research topic.  
The main source to collect the secondary data is through conduction semi-structured interviews. 
Face-to-face interviews with managers who are working in Petrochemical Companies were 
conducted in this research in order to collect the required data, in which it consists of questions 
that define the chosen topic in order to collect the required data for the purposes of covering the 
research objectives and questions in efficient, adequate way, and to enhance the study certainty 
and convenient of involved respondents. Each interview in this study will require 15-20 minutes 








3.6 Questionnaire and Interview Design and Layout 
 
As described before, the researcher has designed a questionnaire to collect the primary data. The 
experimental method is not suitable to be used in the current study because of the nature of the 
current research, as the nature of the current research is a theoretical nature, and therefore, it is not 
right to use of the experimental method.  
The researcher has adopted in designing the questionnaire on previous studies and articles related 
to the subject of the current study, where the researcher has depended on them to choose the right 
statements which suit the nature of the current research. Gill and Johnson (2002) indicated that 
there are a series of steps that must be followed and taken into account when designing the 
questionnaire, including; the type of the questions, the focus of the survey, the answer choices, and 
the way to organise the questions and arrange them. 
Generally, the tool utilized to collect data in this research (which is the Mail questionnaire) has 
many characteristics such as; the anonymity of respondent is High, it can cover a wide geographic 
Regions in addition to the adequate time for respondents to complete survey and at their 
convenience(Cooper and Schindler, 2011).  
The questionnaire was provided with a covering letter explaining the purpose of the study, the aim 
of the research and the security of the information in order to encourage a high response. The 
questionnaire included closed-ended questions, where Dillman (2007) clarified that the closed 
ended type of questions permits the researcher to gather specific answers through providing 
respondents with closed sets of alternative answers. The closed ended type of questions were also 






statistically analyzing data in easier way. The variety in these questions aims first to meet the 
research objectives, and to collect all the necessary data that can support the discussion, results 
and recommendations in the research. 
In this study, closed ended questions were utilized according to the relatively huge number of 
questions (Neuman, 2011). Questionnaires with open-ended questions permit collecting own 
thoughts and expressions from the respondents regarding a specific subject (Fink, 2003).  The 
closed ended type of questions was also selected in order to enhance the data collection and 
analysis process as it permits collecting and statistically analyzing data in easier way. 
The survey questions aimed to examine the amount of the study participants' awareness with 
Operability, Maintainability and Constructability concepts, to investigate the importance of 
incorporating operation and maintenance issues at early project stages, to reveal on the benefits of 
performing the constructability review at early design stages of project and to investigate the 
benefits from involving Operability & Maintainability (O&M) concepts within constructability 
practice (Appendix A contains the questionnaire form). 
In order to analyses the collected data, the researcher has used the Statistical Package for the Social 
29 Sciences (SPSS) program. Several tests have been used to analyze the collected data, including, 
Mean, Standard Deviations and frequency distribution.   
Furthermore, the researcher will utilize face-to-face interviews as it permits the interviewer to be 
confidence and qualified during the interviewing process. This type of interviews also permits the 
researcher to collect a high reliability data that could be compared easily in qualitative method. 
The interviews will include a set of open ended questions which will reveal on the amount of the 






contains the interview form). For the purposes of investigating and analyzing the collected data 
through these interviews, the researcher utilized the content analysis technique. This data analysis 
technique has been defined as a subjective interpretation of the collected data by providing readers 
with a thematic, qualitative data analysis technique (Patton, 2002). So, the qualitative data that will 
be obtained from the structured interviews questions will be analyzed by coding and grouping. 
3.7  Population and Research Context 
 
After selecting the research problem and hypotheses, it is necessary to define the study population. 
If the researcher could conduct his study on all population members, the results of the study would 
be closer to reality and more accurate, but the researcher may find it difficult to deal with all 
members of the study population for several reasons, which will push the researcher to select a 
sample of the study population, and this group is called the study sample (Olsen and George, 2004). 
The study population defines as the all individuals who are supposed to carry out the study on 
them (Mcmillan, 1996). 
The study population will consist from all employees who are working in Petrochemical 
Companies in Saudi Arabia. The questionnaire will help the researcher to access to facts and 
important information through gathering the opinions of project managers. 
3.8  The Study Sample 
 
The survey has been distributed on more than 120 employees who are working in Petrochemical 
Companies in Saudi Arabia and we received only 55 responses from different displace who have 






was conducted to 4 key personnel from managers who are working in Petrochemical Companies 
in Saudi Arabia. 
3.9  Research Validity and Reliability 
 
It can be said that the extent of the validity and reliability of data provided by the tool are one of 
the most important foundations of data collection in scientific research, and the reason for this is 
that the weakness of reliability and validity of the tool leading to generate the poor of the entire 
results of the scientific research, and this will make the research without value, so researcher must 
ensure the selection of tool with reliability and validity. 
3.9.1  Research Validity 
 
Validity refers to the data collection tool to measure what it was made for. Heale and Twycross 
(2015) indicated that validity is associated primarily with the viability to repeat experiments and 
scientific discoveries, and will not be achieved only through a preview of data collection tools in 
an appropriate manner.  
Validity can be defined in the scientific research as the accuracy of the research in measuring the 
purpose which is designer for (Golafshani, 2003), i.e. to what degree the research tool provides us 
with information relating to the research problem of the same study population. 
Garson (2001) clarified that measuring the validity of any research can be done through identifying 
the accuracy of the subject of the study and the data collected. The researcher has followed a series 






on previous studies. The researcher has designed the axes and the statements of the questionnaire 
depending on previous studies related to the subject of the current study. 
In addition, the researcher ascertained the validity of the study tool to achieve the objectives of the 
study through presenting the initial copy of the questionnaire to the researcher's advisor, and based 
on his opinion and suggestion, the questionnaire phrases has been modified and reformulated to 
get the final copy to distribute it on the study sample. Besides, the researcher provides the 
participants with general information about the subject of the present study and clarifies the 
primary objective to achieve the desired goals. Based on all of that, the validity of this research is 
guaranteed. 
3.9.2  Research Reliability 
 
Reliability can be defined as the extent to which the tool gives comparable readings when every 
time the tool will be used (Garson, 2001). Ensuring the reliability of research aims mainly to 
emphasise that the use of the same methods and tools, which have been used by the researcher in 
the current study, to conduct another study, will ensure getting the same results. In response to the 
fact that the reliability of the tool has been achieved in many previous studies, we can say that this 












4. Data analysis 
 
4.1  Introduction 
This chapter will achieve the research objectives depend on results gained from this study. The 
results will be analyzed taking into consideration beforehand represented the previous studies that 
discussed in the chapter two (theoretical review). 
The objective of this study was expressed to examine two main areas: (1) Investigate the 
understanding of project owners the importance of incorporating operation and maintenance issues 
at early project stages. (2) Integrate operation and maintenance issues in early project phases 
through utilizing constructability practice. 
4.2  Questionnaires 
 
This section will give some general details information of the participants, such as: name of the 
participant, years of experience in the current position, the name of the participates company. The 
outcomes of this parts were developed from questions 1 to 2 in the survey questionnaires.      
The study sample included (54) participants from 22 company. The distribution of the participant 
due to the name of their company, which indicated that that the majority of the of the participants 
(about 30.8%) work in Jubail United Petrochemical Company (UNITED), followed by the 
participants, who work in Arabian Petrochemical Company (PETROKEMYA), which about 






The responses was collecting and cover different level of experience, where the majority of the of 
the participants (about 35.2%) have five to ten years of experience in the current position, followed 
by the participants, who have less than 5 years of experiences in the current position (about 29.6%), 
then 22.2% of them have between 11 to 15 years of experiences and just 9.3% of them, who have 
a large experience (more than 20 years) and finally two of the participants (9.3%), who have 16 to 
20 years of experiences in the current position.  
The distribution of the participant due to Participant’s position in the Organization was as follow: 
the majority of the participant’s position is other engineering discipline, such as mechanical, 
electrical, instrument, chemical, maintenance and engineers, which representing with 40% of the 
participants, on the other hand, 34.55% of them work in the organization as project engineers, 
followed by 16.36% of them work as facility manager and finally, 9.09% of them work as project 
managers. 
Description of the results 
The presentation of the results will be in five major parts. 
The First part will deliberate the features of the organization. The outcomes of this part were 
developed from questions 3 to 4 in the survey questionnaires.      
The Second part, that is questions 5, 11 to 13, and 16 to 18 indicates the respondents' opinions 







The third part enclosed underneath question 14 shows the results concerning the benefits of 
performing the constructability review at early design stages of project 
The Forth part enclosed underneath question 15 shows the results concerning the benefits from 
relating operability & maintainability (O&M) concepts within constructability practice. 
The fifth part enclosed underneath question 6 to 10 shows the results concerning the addressing 
operability & maintainability (O&M) concepts during early petrochemical projects stages. 
Part 1: Characteristics of The Organization 
The study sample contains 55 participants, but one of them do not answered these questions. All 
of the participants answered the question about years of experience in the current position, while 
52 (96.30%) of them answered the question about the name of their company, but just 35 (64.81%) 
of them answered the question about their name. 
The reposes were covered all project categories of the budget, where most of the participants (about 
38.18%) pointed that the range of project budget done in their company is More than 
SR500,000,000, while 29.09% of them indicated that the range of project budget done in their 
company is less than SR50,000,000. Otherwise, 16.36% of them stated that the range of project 
budget done in their company is between SR50,000,000 and SR100,000,000 or between 
SR100,000,000 and SR500,000,000. As well, the reposes were covered all type categories of 
project delivery, where most of the participants (about 61.82%) pointed that turnkey/ design and 
build is type of project delivery their organization engage operation and maintenance experts at 
planning, conceptual and detail design project phases, due to  its shift the risk and keep the total 






(Separate design and build) is the type of project delivery their company. Otherwise, 10.91% of 
them stated that Build-Operate-Transfer is the type of project delivery their company, while only 
5.45% of them stated that type of project delivery their organization is other but do not mentioned 
the name of it. 
Part 2: Participants' Opinions on Early Incorporating Operation and Maintenance Issues in 
Petrochemical Projects 
This section will show participants' understanding of project owner the importance of 
incorporating operation and maintenance issues at early project stages, through studying the 
participants' understanding of integration of operability and maintainability concepts into 
constructability implementation at petrochemical projects. In order to achieve this objective, it 
must know the opinions of the participants in the following phase: the activities include in your 
organization of the project planning phase, the activities include in your organization in the project 
conceptual design phase, the activities include in your organization in the project detail design 
phase, the activities include in your organization in the project construction phase, the activities 
include in your organization in the project during and after closeout phase. 
Thus, in this section will show these phase in details: 
A detailed summary of the participants' opinions about early incorporating operation and 














How often do your organization engage operation and maintenance experts 
at planning, conceptual and detail design project phases: Check all that 
apply 
 
5a Commonly 49.09 
5b Depend on type of project 36.36 
5c Depend on importance of equipment 10.91 
5d Never 3.64 
11 
Do you agree that the participation of operation and maintenance experts 
during the planning and design phases can help to produce better 
specifications, safe operation and minimum repair? 
 
11a Yes 88.68 
11b Sometimes 7.55 
11c Depends on another factor 3.77 
11d No 0.00 
12 
“Operability is the ability of an organization to operate a facility in a safe 
and efficient manner. The ultimate goal of facility operability is to design and 
construct a facility that will remain safe, efficient and cost effective 
throughout its lifetime use” Have you heard this term before? 
 









12b No 9.43 
13 
“Maintainability is the measures taken during development, design and 
installation of a manufactured product that reduce required maintenance, 
man-hours, tools, and logistic cost” Have you heard this term before? 
 
13a Yes 83.02 
13b No 16.98 
16 
Do you think operability and maintainability should be included as a task 
during planning and design phases of the project? 
Percentage 
(%) 
16a Complex Projects 3.70 
16b Large Projects 3.70 
16c Certain types of Projects 5.56 
16d Small Projects 0.00 
16e All Projects 87.04 
16f Not required 0.00 
17 
Do you think operability and maintainability should be included as a task 
during planning and design phases of the project 
 
17a Yes 83.33 









17c Depends on another factor 7.41 
17d No 3.70 
18 
Based on your experience, please rate the following list 




ALWAYS– SOMETIMES– NEVER– 
% % % 
18a 
Your organization realize the benefit of integrating 
operability and maintainability at early project phases 
59.26 38.89 3.70 
18b 
Consider having convenient accessibility for repair 
major plant equipment 
64.81 31.48 3.70 
18c 
Look for innovation to solve operation and 
maintenance issues 
48.15 40.74 11.11 
18d 
Allow some flexibility in design to treat operation and 
maintenance issues 
48.15 44.44 7.41 
18e 
Provide enough authority for operation and 
maintenance to contribute their input within the 
design phases 
48.15 48.15 5.56 
Total 100 
 
According to Table 3 question 5, half of the participants pointed that the activities is commonly 
include in their organization during project planning phase. That mean they supposed to implement 






or importance of equipment. Otherwise, its never include in their organization at this point of time. 
While in question 11 in same table, most of the participants (about 47) confess the involvement 
operation and maintenance experts during the planning and design phases can guide to have a 
smooth operation and with minimum repair. That indicate the people understanding about the 
importance of the operation and with minimum to sustain the continues safe operation.  
In same manner most of the participants in question 12 confirm knowing this terms of operability 
and its important in having sustainable and safe running of the facility. In contrast, there are a few 
of them have not heard this term before and that may fall under several conditions either they may 
be new to work and did not become aware about the importance of the safe and continues operation 
after completing the construction stage or some other reasons.  
Maintainability as well has the same importance as operability, where 83.02% of the response 
confirm the awareness of the participants with this terms. 
In question 16, the majority of participants recognize the importance of applying operability and 
maintainability since planning and design phases on all kinds of projects. Only, very few 
percentages go for selecting specific size of the project.  
In question 17, 83.33% of participants agree on including operability and maintainability at early 
project stages. This shows the importance of incorporate operability and maintainability and 
ignoring them could cause serious issues that can hamper or stop the operation of the facility at 
commissioning stage. 






maintenance issues respectively as shown in Figure 8. 
 
Figure 8: Participants Experience About Operation And Maintenance Issues 
• Activities: 
•  
• 18a Your organization realize the benefit of integrating operability and maintainability at early project phases 
• 18b Consider having convenient accessibility for repair major plant equipment 
• 18c Look for innovation to solve operation and maintenance issues 
• 18d Allow some flexibility in design to treat operation and maintenance issues 
• 18e Provide enough authority for operation and maintenance to contribute their input within the design phases 
This figure emphasizes the great value of always address operation and maintenance issues and 
concerns at very early project stage to find away to solve it before proceed further in details and 
construction. 
Part 3: Participants' Opinions on the benefits of performing the constructability review at early 
design stages 




























constructability review at early design stages.  
According to Figure 9 the majority of the participants insist on the ability of constructability to 
minimize the project risk if its implement at early design stages of project. As the it used to review 
the construction process at developing stage of project even before produce in detail design. In the 
second place, controlling the cost growth, which guide to define the required budget at initiation 
stage after considering all contributing factor that might increase the allocated budget. Time 
growth get the less attention from the participants comparing with the two previous factors with 
75.93%.  As the cost growth might cover the cost of fast tracking by adding more money to shorten 
the project schedule.  While, one of the particpants said that there does not have any benefits. 
 
Figure 9: Benefits Of Performing The Constructability Review At Early Design Stages Of Project 
Activities: 
• 14a Controlling time growth 
• 14b Controlling cost growth 
• 14c  Minimize the project risk 






Part 4: Participants' Opinions on the benefits from involving Operability & Maintainability 
concepts within constructability practice 
This section will show participants' understanding of the benefits from involving Operability & 
Maintainability concepts within constructability practice. 
A detailed summary of the participants' opinions about the benefits from involving Operability & 
Maintainability concepts within constructability practice is shown in Table 4. 
Table 4:Respondents’ Opinions About The Benefits From Involving O&M Concepts Within Constructability 
Practice 
15 
What are the benefits from involving Operability & Maintainability 
(O&M) concepts within constructability practice: Check all that are 
right 
Percentage (%) 
15a Having a smooth operation 92.59 
15b Having a minimum maintenance 88.89 
15c Monitoring the project budget 40.74 
15d Monitoring the project schedule 37.04 
15e Ensuring safety considerations in all project phases 81.48 
15f Does not have any benefits 1.85 
Total 100 
 
More than 48 participants admit the importance of involving operability & maintainability 
concepts within constructability practice as addressing operability & maintainability within 






other participants vote for not having between operability & maintainability and usual 
constructability practice. 
Furthermore, 40.74% monitoring the project budget is the benefits from involving operability & 
maintainability concepts within constructability practice. And finally, 37.04% said Monitoring the 
project schedule is benefits from involving operability & maintainability concepts within 
constructability practice. But one of them said that there does not have any benefits. 
Part 5: Addressing Operability & Maintainability (O&M) Concepts during Petrochemical 
Projects Stages 
Part 5a: Descriptive Analysis 
 Questions 6 to 10 discuss "How the organizations participate during various stages of a project". 
By this, the researcher understood how the concept of Operability & Maintainability (O&M) was 
implemented during the planning phase, conceptual design, detail design, construction phase and 
after closeout phase Table 5. 
Table 5: Respondents’ Opinions On Addressing O&M Concepts During Petrochemical Projects Stages 
Q  Percentage (%) 
6 
Has your organization in the project planning phase include 
following activities: Check all that apply 
 
6a 
Develop understanding of project goals and objectives among 
stakeholder 
83.64 






6c Begin discuss operation and maintenance preliminary requirement 76.36 
6d Review lessons learned relate to operation and maintenance failure 63.64 
6e 
Specify required technical standards to be follow during engineering 
design phases 
89.09 
6f None of the above 0.00% 
7 
Has your organization in the project conceptual design phase 
include following activities: Check all that apply 
 
7a 




Involve operation and maintenance experts for selection of major 
system and equipment 
75.47 
7c 
Provide enough authority to operation and maintenance leaders to 
make a decision 
67.92 
7d Discuss the concerns about accessibility of huge equipment 69.81 
7e 
Prepare formal checklists to ensure addressing maintainability 
objectives 
47.17 
7f None of the above 11.32 
8 
Has your organization in the project detail design phase include 
following activities: Check all that apply 
 







Identify essential tools and training requirements about operation and 
maintenance of equipment 
77.78 
8c 








Using innovation idea to resolve many operation and maintenance 
issues 
53.70 
8f None of the above 5.56 
9 
Has your organization in the project construction phase include 
following activities: Check all that apply 
 
9a 




Evaluate implementation of operability and maintainability of 
constructed project by operation and maintenance experts 
78.43 
9c 
Conduct training for operation and maintenance for having smoother 
start-up 
80.39 
9d Conduct maintainability assessment 58.82 
9e None of the above 5.88 
10 
Has your organization in the project during and after closeout 
phase include following activities: Check all that apply 
 






10b Record maintainability ideas generated and implemented on the project 66.04 
10c 




Assure availability of complete and up-to-date documentation relate to 
operation and maintenance of equipment 
83.02 
10e  None of the above 1.89 
 
According to question 5 in Table 5, more than 80% of the participants response seen their 
organization during the project planning phase include specifying required technical standards for 
the designing purpose, developing mutual understanding of project goals between project parties 
and identify required resources. On other hand, discuss operation and maintenance preliminary 
requirement get less attention, as some of then may consider its to early to have it at this stage. 
The lowest percentage was about reviewing pervious lessons learned that relate to previous 
operation and maintenance failure. However, it can be concluded that all of the participants believe 
of the important of the participant’s organization in the project conceptual design phase include 
following activities but they have varied of points of view, as some of them stated that involve 
operation and maintenance experts for selection of major system and equipment has more 
importance than other activities. While others indicated that discuss the concerns about 
accessibility of huge equipment has more importance than other activities. Some of them said that 
provide enough authority to operation and maintenance leaders to make a decision, otherwise has 
more importance than other activities.  






conceptual design include involve operation and maintenance experts for selecting major 
equipment, start discuss the concerns about accessibility of huge equipment, provide enough 
authority to operation and maintenance leaders to make a decision and identify opportunities for 
use of operability and maintainability concepts to minimize the risk and obtain safe and reliable 
design. On other hand, very low percentage state having formal checklists to ensure addressing 
maintainability objectives, which mean not all of the organization having checklist specify for 
operability and maintainability practices. While only 6 of them stated that none of the project 
conceptual design phase include these activities. 
In question 8, more than 75% of the participants response seen their organization during the project 
detail design phase include ensuring the implementation of operability and maintainability 
concepts, identify essential tools and training requirements about operation and maintenance of 
equipment, specify and communicate operability and maintainability requirements to supplier and 
assurance of having updated specifications to allow easy operation and maintenance. On the other 
hand, only around 53% of the response highlight the using of innovation idea to resolve many 
operation and maintenance issues. But 5.56% of them said that none of the project detail design 
phase include these activities. 
In question 9, the highest percent of the response focus on conduct training for operation and 
maintenance for having smoother start-up. The evaluation of implementing operability and 
maintainability by operation and maintenance experts and the assurance of having desired level of 
maintainability objectives built into constructed project are relatively having similar rating about 
77%. While, 58.82% of the responses show the importance of conduct maintainability assessment 






phase include the following activities. 
In question 10, the highest percent indicate the assurance of having available and up-to-date 
documentation relate to operation and maintenance of equipment. Moreover, more than 75% of 
the reposes confirming review all aspects of project to assure equipment meets requirements. 
However, record maintainability lesson learns and information generated at this stage are almost 
having equal percent.  Where only, 1.89% of them said that none of during and after project 
closeout phase include following activities. 
Statistical Analysis 
In this part of the research, relationships, between the characteristics of the organization and the 
implementation of the operability & maintainability (O&M) concepts are to be found. A Chi-
square test used in order to discover the independence between these characteristics, such as: type 
of work, years of experience, and project budget. In addition, the application of the Operability & 
Maintainability (O&M) Concepts in different stages of a project: planning phase, conceptual 
design, detail design, construction phase and after closeout phase. 
The main use of Chi-square is to analyze the study hypothesis including two conditions of grouping 
are independent. Two conditions of description are supposed to be independent if the spreading of 
one condition in not any method be subject to the spreading of the other (Howell, 2011). This study 
used a SPSS system (statistics package analysis system), with the purpose of do the Chi-square 
test for independence. 
First of all, the researcher chose α value (referred to level of significant) to equal 0.05 before 






will decide the acceptance of the study hypothesis through sig. (P: observed significant), which 
means that if the obtained P value is higher than 0.05, the study hypothesis reject, otherwise if P 
value is lower than 0.05 then the study hypothesis is accept. 
- H1: The implementation of operability & maintainability activities is independent of the 
years of experience. 
According to table 6, it was found that none of the implementation of operability & maintainability 
activities were affect by the years of experience. 
Independent variables: Year of experiences 
Null hypothesis: The implementation of operability & maintainability activities is independent of 
years of experience. 
Table 6: The Implementation Of O&M Activities Is Independent Of Years Of Experience 





Develop understanding of 
project goals and objectives 
among stakeholder 
5.253 3 0.154 
6b 
Identify resources needed and 
available personnel 
5.313 3 .150 
6c 
Begin discuss operation and 
maintenance preliminary 
requirement 
2.563 3 .464 
6d 
Review lessons learned relate 
to operation and maintenance 
failure 
5.013 3 .171 
6e 
Specify required technical 
standards to be follow during 
engineering design phases 
2.959 3 .398 




Identify opportunities for use 
of operability and 
maintainability concepts 







Involve operation and 
maintenance experts for 
selection of major system and 
equipment 
3.575 3 .311 
7c 
Provide enough authority to 
operation and maintenance 
leaders to make a decision 
1.696 3 .638 
7d 
Discuss the concerns about 
accessibility of huge 
equipment 
2.539 3 .468 
7e 
Prepare formal checklists to 
ensure addressing 
maintainability objectives 
2.110 3 .550 
7f None of the above 1.882 3 .597 
detail design 
phase 
Q8a  Ensure implementation of 
operability and maintainability 
concepts 
4.401 3 .221 
Q8b  Identify essential tools and 
training requirements about 
operation and maintenance of 
equipment 
1.295 3 .730 
Q8c  Specify and communicate 
operability and maintainability 
requirements to supplier 
2.124 3 .547 
Q8d  Assurance of having updated 
specifications to allow easy 
operation and maintenance 
.770 3 .857 
Q8e  Using innovation idea to 
resolve many operation and 
maintenance issues 
1.995 3 .573 
Q8f  None of the above 1.494 3 .684 
construction 
phase 
Q9a  Assure desired level of 
maintainability objectives built 
into constructed project 
.382 3 .944 
Q9b  Evaluate implementation of 
operability and maintainability 
of constructed project by 
operation and maintenance 
experts 
2.580 3 .461 
Q9c  Conduct training for operation 
and maintenance for having 
smoother start-up 
7.131 6 .309 
Q9d  Conduct maintainability 
assessment 






Q9e  None of the above .307 3 .959 
during and 
after closeout  
phase 
Q10a  Review all aspects of project to 
assure equipment meets 
requirements 
1.799 3 .615 
Q10b  Record maintainability ideas 
generated and implemented on 
the project 
.938 3 .816 
Q10c  Data collection and 
information generated during 
this stage forward to future 
projects 
No statistics are computed because 
Q10c is a constant. 
Q10d  Assure availability of complete 
and up-to-date documentation 
relate to operation and 
maintenance of equipment 
2.716 3 .438 




Q11a  Yes .762 3 .859 
Q11b  Sometimes .506 3 .918 
Q11c  Depends on other factor 1.254 3 .740 
Q11d  No 1.254 3 .740 
Operability  Q12  “Operability is the ability of an 
organization to operate a 
facility in a safe and efficient 
manner. The ultimate goal of 
facility operability is to design 
and construct a facility that 
will remain safe, efficient and 
cost effective throughout its 
lifetime use” Have you heard 
this term before? 
1.760 3 .624 
Maintainability  Q13  “Maintainability is the 
measures taken during 
development, design and 
installation of a manufactured 
product that reduce required 
maintenance, man-hours, 
tools, and logistic cost” Have 
you heard this term before? 
2.183 3 .535 
the benefits of 
performing the 
constructability 
Q14a  Controlling time growth 2.880 3 .410 
Q14b  Controlling cost growth .991 3 .803 
Q14c  Minimize the project risk 3.632 3 .304 
Q14d  Does not have any benefits 3.632 3 .304 
the benefits 
from involving 
Q15a  Having a smooth operation 1.760 3 .624 










Q15c  Monitoring the project budget 2.163 3 .539 
Q15d  Monitoring the project 
schedule 
.234 3 .972 
Q15e  Ensuring safety considerations 
in all project phases 
.850 3 .837 
operability and 
maintainability 
Q15f  Does not have any benefits 1.254 3 .740 
Q16a  Complex Projects 3.632 3 .304 
Q16b  Large Projects 2.205 3 .531 
Q16c  Certain types of Projects 3.129 3 .372 
Q16d  Small Projects .896 3 .826 
Q16e  
All Projects 
No statistics are computed because 
Q16e is a constant. 
Note: *: Statistically Significant P> 0.05  
 
- H2: The implementation of operability & maintainability activities is independent of type 
of project 
According to table 7, it was found that there is a relationship between the implementation of 
operability & maintainability activities were affect by type of project through the following 
activities: level of maintainability objectives built into constructed project and minimize the 
project risk, do not have any benefits of performing the constructability and monitoring the project 
schedule. 
Independent variables: type of project 
Null hypothesis: The implementation of operability & maintainability activities is independent of 
type of project. 
 
Table 7: The Implementation Of O&M Activities Is Independent Of Type Of Project 









Develop understanding of 
project goals and objectives 
among stakeholder 
5.358 6 .499 
6b 
Identify resources needed and 
available personnel 
1.190 2 .552 
6c 
Begin discuss operation and 
maintenance preliminary 
requirement 
1.691 2 .429 
6d 
Review lessons learned relate 
to operation and maintenance 
failure 
1.390 2 .499 
6e 
Specify required technical 
standards to be follow during 
engineering design phases 
1.012 2 .603 




Identify opportunities for use 
of operability and 
maintainability concepts 
2.277 2 .320 
7b 
Involve operation and 
maintenance experts for 
selection of major system and 
equipment 
1.784 2 .410 
7c 
Provide enough authority to 
operation and maintenance 
leaders to make a decision 
1.066 2 .587 
7d 
Discuss the concerns about 
accessibility of huge 
equipment 
1.784 2 .410 
7e 
Prepare formal checklists to 
ensure addressing 
maintainability objectives 
1.601 2 .449 
7f None of the above 1.778 2 .411 
detail design 
phase 
Q8a  Ensure implementation of 
operability and maintainability 
concepts 
.350 2 .840 
Q8b  Identify essential tools and 
training requirements about 
operation and maintenance of 
equipment 
3.017 2 .221 
Q8c  Specify and communicate 
operability and maintainability 
requirements to supplier 
5.464 2 .065 






specifications to allow easy 
operation and maintenance 
Q8e  Using innovation idea to 
resolve many operation and 
maintenance issues 
.186 2 .911 
Q8f  None of the above 1.025 2 .599 
construction 
phase 
Q9a  Assure desired level of 
maintainability objectives built 
into constructed project 
7.001 2 .030 
Q9b  Evaluate implementation of 
operability and maintainability 
of constructed project by 
operation and maintenance 
experts 
2.066 2 .356 
Q9c  Conduct training for operation 
and maintenance for having 
smoother start-up 
2.482 4 .648 
Q9d  Conduct maintainability 
assessment 
2.451 2 .294 
Q9e  None of the above 2.600 2 .272 
during and 
after closeout  
phase 
Q10a  Review all aspects of project to 
assure equipment meets 
requirements 
1.108 2 .575 
Q10b  Record maintainability ideas 
generated and implemented on 
the project 
2.808 2 .246 
Q10c  Data collection and 
information generated during 
this stage forward to future 
projects 
No statistics are computed because 
Q10c is a constant 
Q10d  Assure availability of complete 
and up-to-date documentation 
relate to operation and 
maintenance of equipment 
5.555 2 .062 




Q11a  Yes .538 2 .764 
Q11b  Sometimes 1.786 2 .409 
Q11c  Depends on other factor 3.949 2 .139 
Q11d  No 1.095 2 .578 
Operability  Q12  “Operability is the ability of an 
organization to operate a 
facility in a safe and efficient 
manner. The ultimate goal of 
facility operability is to design 






and construct a facility that 
will remain safe, efficient and 
cost effective throughout its 
lifetime use” Have you heard 
this term before? 
Maintainability  Q13  “Maintainability is the 
measures taken during 
development, design and 
installation of a manufactured 
product that reduce required 
maintenance, man-hours, 
tools, and logistic cost” Have 
you heard this term before? 
3.262 2 .196 
the benefits of 
performing the 
constructability 
Q14a  Controlling time growth 2.648 2 .266 
Q14b  Controlling cost growth 3.268 2 .195 
Q14c  Minimize the project risk 12.986 2 .002 






Q15a  Having a smooth operation .590 2 .745 
Q15b  Having a minimum 
maintenance 
2.600 2 .272 
Q15c  Monitoring the project budget .609 2 .737 
Q15d  Monitoring the project 
schedule 
12.744 2 .002 
Q15e  Ensuring safety considerations 
in all project phases 
2.808 2 .246 
Q15f  Does not have any benefits .396 2 .820 
operability and  
maintainability 
Q16a Complex Projects .396 2 .820 
Q16b  Large Projects 1.095 2 .578 
Q16c  Certain types of Projects .122 2 .941 
Q16d  Small Projects .577 2 .750 
Q16e  
All Projects 
No statistics are computed because 
Q16e is a constant. 
Note: *: Statistically Significant P> 0.05  
- H3: The implementation of operability & maintainability activities is independent of 
project budget 
According to table 8, it was found that there is a relationship between the implementation of 
operability & maintainability activities were affect by project budget through the following 






monitoring the project schedule. 
Independent variables: project budget 
Null hypothesis: The implementation of operability & maintainability activities is independent of 
project budget. 
Table 8: The Implementation Of O&M Activities Is Independent Of Project Budget 





Develop understanding of 
project goals and objectives 
among stakeholder 
1.760 3 .624 
6b 
Identify resources needed and 
available personnel 
1.498 3 .683 
6c 
Begin discuss operation and 
maintenance preliminary 
requirement 
1.884 3 .597 
6d 
Review lessons learned relate 
to operation and maintenance 
failure 
3.549 3 .314 
6e 
Specify required technical 
standards to be follow during 
engineering design phases 
1.229 3 .746 




Identify opportunities for use 
of operability and 
maintainability concepts 
3.549 3 .314 
7b 
Involve operation and 
maintenance experts for 
selection of major system and 
equipment 
1.720 3 .633 
7c 
Provide enough authority to 
operation and maintenance 
leaders to make a decision 
1.436 3 .697 
7d 
Discuss the concerns about 
accessibility of huge 
equipment 







Prepare formal checklists to 
ensure addressing 
maintainability objectives 
3.476 3 .324 
7f None of the above 1.198 3 .754 
detail design 
phase 
Q8a  Ensure implementation of 
operability and maintainability 
concepts 
1.760 3 .624 
Q8b  Identify essential tools and 
training requirements about 
operation and maintenance of 
equipment 
3.818 3 .282 
Q8c  Specify and communicate 
operability and maintainability 
requirements to supplier 
1.941 3 .585 
Q8d  Assurance of having updated 
specifications to allow easy 
operation and maintenance 
3.429 3 .330 
Q8e  Using innovation idea to 
resolve many operation and 
maintenance issues 
1.817 3 .611 
Q8f  
None of the above 3.995 3 .262 
construction 
phase 
Q9a  Assure desired level of 
maintainability objectives built 
into constructed project 
3.957 3 .266 
Q9b  Evaluate implementation of 
operability and maintainability 
of constructed project by 
operation and maintenance 
experts 
3.794 3 .285 
Q9c  Conduct training for operation 
and maintenance for having 
smoother start-up 
11.165 6 .083 
Q9d  Conduct maintainability 
assessment 
11.277 3 .010 
Q9e  
None of the above 3.655 3 .301 
during and 
after closeout  
phase 
Q10a  Review all aspects of project to 
assure equipment meets 
requirements 
1.986 3 .575 
Q10b  Record maintainability ideas 
generated and implemented on 







Q10c  Data collection and 
information generated during 
this stage forward to future 
projects 
No statistics are computed because 
Q10c is a constant 
Q10d  Assure availability of complete 
and up-to-date documentation 
relate to operation and 
maintenance of equipment 
2.707 3 .439 
Q10e  




Q11a  Yes 1.373 3 .712 
Q11b  Sometimes 1.112 3 .774 
Q11c  Depends on other factor 6.043 3 .110 
Q11d  No .494 3 .920 
Operability  Q12  “Operability is the ability of an 
organization to operate a 
facility in a safe and efficient 
manner. The ultimate goal of 
facility operability is to design 
and construct a facility that will 
remain safe, efficient and cost 
effective throughout its 
lifetime use” Have you heard 
this term before? 
1.952 3 .582 
Maintainability  Q13  “Maintainability is the 
measures taken during 
development, design and 
installation of a manufactured 
product that reduce required 
maintenance, man-hours, 
tools, and logistic cost” Have 
you heard this term before? 
2.776 3 .427 
the benefits of 
performing the 
constructability 
Q14a  Controlling time growth 2.405 3 .493 
Q14b  Controlling cost growth 1.018 3 .797 
Q14c  Minimize the project risk 1.861 3 .602 






Q15a  Having a smooth operation 1.883 3 .597 
Q15b  Having a minimum 
maintenance 
1.198 3 .754 
Q15c  Monitoring the project budget 5.178 3 .159 








Ensuring safety considerations 
in all project phases 
3.345 3 .341 
Q15f  Does not have any benefits 1.861 3 .602 
 
Q16a  Complex Projects 6.644 3 .084 
Q16b  Large Projects .494 3 .920 
Q16c  Certain types of Projects 4.349 3 .226 
Q16d  Small Projects 1.373 3 .712 
Q16e  All Projects 10.627 12 .561 
Note: *: Statistically Significant P> 0.05  
 
4.3  Interview 
 
A semi-structured interview was the selected secondary data collection method in this study. The 
use of semi-structure interviews enables the researcher to gain a rich and in-depth data in a more 
engaging and conversational atmosphere. 
The researcher in semi-structured interview can ask a set of open-ended questions, in order to 
obtain more textual data in details. The answers typically provide in-depth and rich information to 
assist the researcher in terms of deep understanding and enriched experience. The researcher first 
designed the interview questions in a comprehensive way in order to cover all significant points 
related to the main topic. After that, the researcher should specify the tool will be used to collect 
and record data either by taking intermediate notes and observations from respondents during the 
interview or by tape record to be checked later on. The researcher should read the transcripts 
carefully in order to make a comparison among all answers, to make notations in the margins, and 






To analyze the gained results, the researcher develops his observations into preliminary descriptive 
and interpretive categories based on evidence presented in the transcripts. One of the most common 
descriptive analysis techniques of the interview transcripts is to compare all answers regarding 
every point of view. For example, the researcher can recognize the desired concluding 
consequence by considering all interviewees’ perspectives per question. 
Interviews have been made with managers who are working in Petrochemical Companies. The 
total number of interviews was 5 interviews. The following sections will aim to analyze the 
collected data which has been gained from the interviews. 
The participants' information  
The participants were asked to determine their current position in the company. Participant 1 
mentioned that he is working as a Production Manager, participant 2 is working as an Operation 
Manager, participant 3 is working as a Process-Chemical Manager, participant 4 is working as a 
Maintenance Excellence Manager, and participant 5 is working as a Principal Engineer-PMT.  
Questions related to the project time  
Five questions were asked to the participants regarding the project time. The first question aimed 
to reveal wither the participants have encountered any claim for changing order relating to the 
operation or maintenance processes. All the participants agreed that they face a claim for changing 
order. Participant 1 clarified that the major claim for changing orders was related to operating one 
of the new pumps, because at the detail design phase there was some changing in pump 
specifications to match with the process requirements, and later on at commissioning time the 






low discharge pressure, so the decision was to make change order and replace the pump impeller 
with a new bigger one.  
Participant 2 clarified that there was a claim for changing orders at construction stage, and it was 
mainly related to safely operating a facility. Participant 3 stated that there were a lot of changing 
in orders, where this has been resulted due to many reasons, including; not engaging operations, 
maintenance, and inspection during the design phase, the preference for the project team to go with 
one vendor over others and the weak position to see alternatives from research and development 
team. Participant 4 mentioned that the claims of changing orders appear on some occasions, mainly 
because maintenance requirements, while participant 5 said; "The change orders mostly related to 
scope to modify the scheme to increase the process reliability".  
Regarding the second question which aimed to reveal wither the participants have encountered any 
delay in project schedule relating to the operation or maintenance processes, and to find out the 
recovery plan that used to solve this issue. Most of respondents clarified that they have faced a 
delay in project schedule (participant 1, participant 2, participant 3, participant 5), and only 
participant 4 stated that delay in project completion is not considered a common occurrence in 
their company as most of the major projects were completed on schedule, and added that 
sometimes there were possibility in delay completing one activity to start the other, but in general 
mostly the target date for mechanical completion was achieved, unless there was some special 
cases. Participant 1 clarified that the delay was related to operating the facility, due to having some 
change orders and delay in construction activities for some reasons, the mechanical completion of 
the project was delayed about ten months. Participant 1 clarified that the recovery plan was put 






to expedite and overcome the delay as early as possible to approach the market for sealing the 
product.  
Participant 2 stated that the major delay was related to the delay in structure delivery of the facility 
and the recovery plan was under the responsibility of Engineering, Procurement, and Construction 
contractors (EPC contractor), where the corrective action was to hire a new contractor to construct 
the facility at the site. Participant 3 argued that there was lot of delays, where these delays resulted 
from two main reasons, including; involving the project with some new and advanced technology 
and the harsh environment for the unique chemical materials where it was difficult to find right 
material of construction and the right quality of welding. Participant 5 said;" Sometime at 
constituent period, mostly due to delay in giving work permit or some other reasons". The 
researcher thinks that the production manager and the operation manager in their opinions were 
closer to the reality than the maintenance engineer, as companies are expected to face many 
problems associated with project delays. 
The third question aimed to reveal if there was any lesson learned related to operation and 
maintenance were shared. Participant 2, participant 3 and participant 5 agreed that the learned 
lesson were published, while participant 1 and participant 4 where disagree. Participant 2 said;" 
Lesson learned was shared with after commissioning the facility to ensure not to repeat this 
failure", and participant 3 said;" Yes, It should be part of engagement of experience team during 
the engineering and early stages of the project", while participant 5 said;" All lessons learned are 
always published".  
The forth question aimed to reveal wither the operation and maintenance experts were fully 






participants clarified that the engagement of the operation and maintenance experts was not that 
much (Participant 1, participant 3, participant 4 and participant 5), and only participant 2 
mentioned that the  operation and maintenance experts were involved with full authority, where 
their role was  to accept and reject contractor proposals till it suits the requirements. Participant 1 
clarified that the engagement from operation was minimum. There was only one person from 
operation involved at engineering stage. Participant 3 said; "The engagement was not that much, 
and there was gap in operations and maintenance representatives during the early phase of the 
project". Participant 4 stated that there is a limitation in operation and maintenance involvement, 
and participant 5 clarified that they were engaged on need basis.  
Regarding the fifth question which aimed to find out how the operability and maintainability 
practices were implemented, participant 1 and participant 2 clarified that the contractor is the one 
who is responsible for implementing the operability and maintainability practices, where 
participant 1 mentioned that EPC contractor was available at construction time on-site and was 
responsible for start running the facility as per agreement, while  participant 2 said;" It was 
implemented in many meetings with contractor showing the facility in the 3D diagram and 
checking the plant line by line to ensure accessibility of valves and other equipment for operation 
and maintenance". Participant 3 stated that the operation of the facility depended on the vendor 
instructions, and he argued that it is important to involve maintenance and operation teams during 
engineering phase of the project. Participant 4 demonstrated that the right person to identify the 
potential risk is operation, process safety and maintenance experts. Participant 5 clarified that the 
communication was done between project engineer and operation and maintenance focal point, 






Questions after commissioning the facility 
Three questions were asked to the participants related to the phase after commissioning the facility. 
The sixth question aimed to reveal wither the participants' have encountered any issues after 
commissioning the facility, and wither it was related to operation and maintenance. Most of the 
participants clarified that they have faced issues after commissioning the facility and only 
participant 5 stated that usually they do not face any issues after commissioning the facility, where 
he said; " Usually, No. Corrective action will be by invoking the Warranty and Performance 
Guarantee terms". Participant 1 clarified that he has faced an issue related to the safe operation of 
the facility, and as a result; the production has stopped until the issue was fixed, and in order to 
solve this issue the project management requested executing contractor to re-welding all the 
welding joints. Participant 1 argued that this issue has affected on the time required to accomplish 
the project, where the failure takes three months to be solved which at the same time affect the 
commissioning by three months comparing with the baseline of the project schedule. 
Participant 2 said;" There were corrosion issues related to welding quality. It was interrupting the 
production. The team has gathered along with the contractor and requested to repair the welding 
to have a safe operation. The cost of repair was very high, but it was on contractor budget as it was 
a warranty claim". Participant 3 pointed out to more than one issue, such as; failure in equipment, 
failure in construction and wielding, no strong team from operation and maintenance and 







Participant 4 clarified that there were many issues encountered in projects such related to design, 
selection of equipment and materials. Participant 4 added that the rectification was done but this 
caused additional cost as well as unplanned shutdowns and reduced reliability of the plant.  
Regarding the seventh question which aimed to reveal wither the same EPC contractor perform 
the corrective decision, and wither the required cost considered as a part of project expenditure or 
assigned new budget; all participants clarified that the same EPC contractor perform the corrective 
decision. And regarding the second part of the question, participant 2, participant 3 and participant 
5 stated that the required cost for fixing the issue was considered an additional cost and not from 
the project expenditure, while participant 1 clarified that the cost accounted in as a part of the 
project expenditure, and participant 4 stated that he does not have any information regarding the 
budget.  
The eighth question aimed to find out why these issues were not considered during project time. 
The participants have given different reasons. Participant 1 clarified that this may be due to the 
delays in the project; where there was pressure on the team to expedite the completion, and he 
said;" I believe due to the delays in the project; there was pressure on the team to expedite the 
completion. Resulted in violating the procedure to weld joints and result in having a low quality 
of welding". Participant 2 said;" This part was in project construction side, and it was due to low-
quality welders who were not qualified enough to do the welding for the selected material". 
Participant 3clarified that this was due to new technology and newly added strategies and 
requirements. Participant 4 has given two reasons to explain that, including; lack of experienced 
personnel in design stage and the limited role of end user as PMT makes the decisions. Participant 






Addressing operability and maintainability (O& M) issues 
Eight questions were asked to the participants regarding addressing O&M issues. The ninth 
question aimed to reveal how the participants' organizations implement operability and 
maintainability and in which project phase it is used to appear. Regarding the first part of the 
question which deals with clarifying how the participants' organizations implement operability and 
maintainability; participant 1and participant 4 agreed that implementing operability and 
maintainability can be done by conducting a HAZOP. Participant 1 clarified that his organization 
depend on the HAZOP study to address issues relate to safe operating, but regarding the 
maintainability, participant 1 has not faced any particular procedure explains maintainability in 
details as a separate subject, and mostly, HAZOP study used covers in general issues relate to 
maintenance. Participant 4 stated that implementing operability and maintainability can be done 
by conducting a HAZOP. Participant 5 said;" By involving operation and maintenance focal points 
in project team during FEED review, HAZOP, Engineering review, Factory Acceptance tests, 
punch listing etc.". Participant 2, participant 3 and participant 5 did not give a specific answer. 
Regarding the second part of the question which deals with revealing in which project phase it is 
used to appear, participant 1 sated that this can be done since the stage of defining scope, where 
the project team conduct workshop for operability reviews at that time it is a responsibility of PMT 
project coordinator to collect operations and maintenance personnel inputs. Participant 2 clarified 
that it is commonly implemented after making the HAZOP study (PHA Study) and preparing 
isometric drawing, where this preparing will aim to have the correction as early as possible since 
the beginning of time as the lack of addressing maintainability during the project delivery process 






3clarified that it should be capture during project development stages. Participant 3 argued that the 
early implementation for both of them aimed to help in selecting suitable material, increasing 
operational availability through identify the possibility of failures and reducing life cycle costs. 
Participant 4 clarified that operability used to appear at project development stage in a workshop 
session, while matters related to maintenance used to appear at time of detailed design, 
construction and startup stages. Participant 5 did not answer this part.  
Regarding the tenth question which aimed to clarify the relationship between operability and 
maintainability along with Constructability; all the participants agreed that there is a strong 
relationship between operability and maintainability along with Constructability. Participant 1 
said;" It is a strong relationship, as the involvement and participation of operation and maintenance 
in the project reflect positively in the construction and commissioning of the project". Participant 
2 clarified that Constructability is given the green signal after ensuring the operability and 
maintainability. Participant 3said;" They should go together. Otherwise, there will be a big gap". 
Participant 4 clarified that there is a very close relationship, especially with regard to the integrity 
of the plant, and participant 5 argued that although these concepts are considered different issues 
but they considered important together, he said;" These are different issues . But both are 
important. Constructability impacts on project scope and schedule etc. Good project design will 
result in good operation and maintenance".  
The eleventh question aimed to reveal wither the participants' organizations have prepared 
procedures and checklist of implementing operability and maintainability. Only participant 1 and 
participant 5 stated that there is checklist of implementing operability and maintainability, where 






safety reviews called PSSR. Also, there are checklist reviews the safety aspects of operating, 
maintaining, instrumentation and electrical of the newly added system. On the other hand, there is 
no particular procedure, or checklist covers maintainability independently in details". Participant 
5 said;" There are checklists available for detailed engineering review in terms of accessibility, 
lighting, sound levels etc". Participant 2 clarified that recording the official document was done 
by a contractor. Participant 3 mentioned that there is a checklist to confirm the equipment 
inspection but not for operation and maintenance. Participant 4 clarified that project execution is 
done through PMT and they have their own procedures.  
Regarding the twelfth question which aimed to find out the participants' opinions regarding the 
research approach by integrating the operability and maintainability along with Constructability, 
all the participants agreed on the research approach and clarified that this research will add a huge 
value to the their organizations. Participant 1 clarified that the research enlightens people on the 
importance of involving operation and maintenance of the project from the start to have a 
successful implementation. Participant 2 stated that the optimum value would be better safety 
approaches and optimizing facilities life cycle. Participant 3 mentioned various benefits to this 
integration, including; shaping the right requirements to sustainable operate the project, the right 
requirements to reduce the maintenance cost and give the right cost for the project. Participant 4 
said;" Very good approach, but it needs to be reflected in our company policy". Participant 5 
mentioned that it can enhance overall quality of projects.  
In the thirteenth question the participants were asked to reveal wither their organizations 
implement this research concept exactly as it is presented to them. Most of the participants clarified 






and Participant 5 refused to give any answer regarding this question. This suggests that these 
companies face many problems that need to be addressed and improved in the chemical companies. 
Participant 1 clarified that mostly constructability and operability workshop conduct altogether at 
the stage of finalizing project scope, and its organization expect that HAZOP study covers all 
issues or difficulty that might encounter during the project. Participant 1 indicated to the 
importance of the current research, as he indicated that this research can be considered as a source 
of new suggestion which should be presented to the management in order to implement outcome 
recommendations to avoid any issues encounter in the future. Participant 2 stated that it is 
implemented comparatively in a different manner for certain project which is considered as mega 
projects. Participant 3 clarified that it is implemented in a different way usually as PMT are 
working on their priorities and their boundary by making the project complete within time, budget 
and defined scope.  
The fourteenth question aimed to reveal wither involving the operation and process safety since 
early project phases will lead to identify unsafe and hazardous conditions. Most of the participant 
agreed with that and agreed that the operation and process safety should be involved since the early 
project phases of the project, and only participant 5 clarified that this involvement should be done 
in HAZOP. Participant 1 mentioned that the involvement of process safety, operation, and process 
engineers are critical in the initial stage of any petrochemical project. Participant 1 clarified that 
the delay in involving these procedures in the early phases will contribute in increasing the risks 
in working, where these issues could have been prevented if addressed by experts at the beginning 






safety in initial design. Participant 4 clarified that if there are no process experts, it cause design 
defects which may lead to severe consequences later.  
The fifteenth question aimed to reveal wither the documents relate to operation and maintenance 
were available after startup the facility. Participant 2 and participant 5 indicated that these 
documents were available, where participant 2 said;" Most of the documents were available except 
certain documents related to instrument and electrical. It was not added as nobody was asking for 
it; this is why we emphasize on the team selection and availability in the project phase". Participant 
5 said;" This is a pre-requisite for Pre-Startup Safety Review (PSSR)". Participant 1 clarified that 
these documents do not represent the actual data of the plant, where some modification were urgent 
and did not follow company-changing procedure. Participant 1 added that the presence of these 
documents is considered a good idea to be addressed as one of the responsibilities of operation and 
maintenance involved in the project to ensure they are satisfied with those drawing. Participant 3 
said;" Sometimes there might be a different revision for the same datasheet. It should be done 
between project team as custodian, a team of operations and maintenance as support". Participant 
4 clarified that in some projects, the documents were not available even after commissioning. 
Regarding the last question which aimed to reveal on the participants' opinions regarding the 
research concept and if they support this research, all the participants clarified that they strongly 
support the research and wish that the outcomes of this research will be reflected and implemented 
in all petrochemical companies. Participant 1 said;" I strongly support the research and wish the 
outcomes of this research are reflected and implemented in the organization". Participant 2 
clarified that he is expected that this research will contribute in improving the safety performances 






requirements related to engineering phase which will lead to reducing the cost of fixing, repairing 
and avoiding re-occurrence of failures". Participant 4 said;" Very good approach and it needs to 
be reflected in our company Project Manual and PMT policy". Participant 5 indicated that this 
research would enhance overall quality of projects. This emphasize on the importance of this study.  
4.4  Analysis 
 
Through analyzing the results of the questionnaire and interviews, the researcher can discuss the 
objectives of the study. The next paragraphs include the discussion of the main finding of the 
study.  
The respondents have agreed that the participation of operation and maintenance experts during 
the planning and design phases can help to produce better specifications, safe operation and 
minimum repair, where this result us in line with this result is in line with Valenta & Davies (2006) 
and Ogburn & El-adaway (2014) who clarified that it is significant to implement operability and 
maintainability concepts from the early project time where it can assist the designer to select the 
proper technology system, in addition to considering, the economic, environmental and financial 
factors in the cost effective plan. 
Regarding how the operability and maintainability practices were implemented, the respondents 
clarified that the contractor is the one who is responsible for implementing the operability and 
maintainability practices. Other participants clarified that the operation of the facility depended on 
the vendor instructions, the other clarified that the right person to identify the potential risk is 
operation, process safety and maintenance experts, and the last respondents mentioned that the 






The respondents have given various answers, such as; EPC contractor was responsible for start 
running the facility as per agreement at construction time, the contractor shows the facility in the 
3D diagram and checking the plant line by line to ensure accessibility of valves and other 
equipment for operation and maintenance, maintenance and operation teams must involve during 
engineering phase of the project. 
The study aimed to measure the amount of the study participants' awareness with Operability, 
Maintainability and Constructability concepts. The results showed that that the participants were 
highly aware of operability, maintainability and constructability terms. 
The results showed that in order to get a smooth operation and profitable petrochemical facility; 
the implementing operability and maintainability should be done at early project development 
stage. The respondents clarified that the operation and process safety should be involved since the 
early project phases of the project, where the involvement of process safety, operation, and process 
engineers are critical in the initial stage of any petrochemical project. 
The study also aimed to reveal on the importance of incorporating operation and maintenance 
issues at early project stages. The respondents have pointed to the benefits of the early 
implementation of both operability and maintainability, such as; helping in selecting suitable 
material, increasing operational availability through identify the possibility of failures, reducing 
life cycle costs and add additional expenditure after start-up. This result is in line with Geile (1996) 
who clarified that the early discovery of O&M concerns helps all project participants to get a clear 
and comprehensive idea of the project, regarding standards to be followed, procedures to be 






and excellent operation method taking into account all the necessary precautions to obtain the 
target of zero incident that all manufacturer industry aim to achieve. 
The results of the analysis proved that the constructability review must be performed at early 
design stages of project. The results also found that there are many benefits of performing the 
constructability review at early design stages of project, including; minimizing the project risk, 
controlling the cost growth and controlling time growth. This result is in line with Russell et al. 
(1994), Stamatiadis et al. (2013) who clarified that performing the constructability will lead to 
optimize engineering cost, decrease project timeline, decrease construction expenses and minimize 
rework.  
The results indicated to the way which can operability and maintainability concepts be integrated 
with constructability practice to attain a successful implementation of petrochemical projects in 
Saudi Arabia. The respondents clarified that implementing operability and maintainability with 
constructability can be done by conducting a HAZOP. The respondents also clarified that this 
process must appear at early project development stage (since the stage of defining scope). This 
result is in line with Boem (1981), Saghatforoush et al. (2012). 
The participants agreed that there is a strong relationship between operability and maintainability 
along with constructability, as the involvement and participation of operation and maintenance in 
the project reflect positively in the construction and commissioning of the project. This result is in 
line with Saghatforoush et al. (2012), Omdahl (1988) who clarified that Operability and 
Maintainability (O&M) have a strong relationship that came from the effect of good 






The participants pointed out that there are many benefits from involving operability & 
maintainability concepts within constructability practice, including having a smooth operation, 
followed by having a minimum maintenance, ensuring safety considerations in all project phases, 
monitoring the project budget and finally monitoring the project schedule. This result is in line 
with NASA (1987) and Markus & Mao (2004) who indicated integrating those concepts with each 
other within constructability practice makes it surely acquire the optimal result of having a smooth 
operation with minimum maintenance. Also, Geile (1996) clarified that this integrated approach 
also contributes to improving project performance from several aspects such as early planning, 
knowledge sharing with all project partners, strengthening communications channels, developing 
experience and lesson learn, regular monitoring and controlling project budget and schedule in 






















The final chapter of this thesis provides readers with an overview of the main research findings, 
through giving a summary of the conclusions taken from this study. Various recommendations to 
activate the integration of operability and maintainability into constructability implementation in 
Petrochemical Projects discussed in this chapter. Moreover, this chapter includes some research 
limitations and proposes several possible directions for future research. 
5.2 Conclusions  
 
Constructability contains all the ingredients that help in involving issues related to operation and 
maintenance since early time of project and taking actions against them. Extending constructability 
to involve operability and maintainability concepts is recommending to highlight the operation 
and maintenance concerned during planning and engineering phase to minimize the facility 
downtime and optimize long-term maintenance costs. 
This study aimed mainly (1) to investigate the understanding of project owner the importance of 
incorporating operation and maintenance issues at early project stages. (2) Integrate operation and 
maintenance issues in early project phases through utilizing constructability practice toward 






In order to achieve these goals, the researcher utilised both quantitative and qualitative research 
approaches (mixed methodology). The implemented qualitative approach in this study included 
the conducted interviews, in addition to the literature review process, in which these approaches 
were basically utilized to create a theoretical background for this research study, whereas, the 
utilized quantitative approach in this study was the pre-designed questionnaire. 
The findings of this study were based on the employees and managers from the petrochemical 
companies in Saudi Arabia who are in a position to provide valuable information on operability 
and maintainability and related data. According to the collected research data, the researcher was 
capable to address operability and maintainability issues, understand the importance of 
incorporating operation and maintenance issues at early project stages, reveal on the benefits of 
performing the constructability review at early design stages of project and investigate the benefits 
from involving operability & maintainability (O&M) concepts within constructability practice. 
Questionnaire is the quantitative approach and the primary resource of data in this study as they 
permitted collecting data from a large number of participants. These questionnaires enabled the 
researcher to collect sufficient information about involving operability & maintainability (O & M) 
concepts within constructability practice. The target population consists of 120 employees from 
the petrochemical companies in Saudi Arabia. A random sampling technique was utilized in this 
study. The collected data was analysed using Statistical Package for the Social Sciences (SPSS). 
The data gathered through conducting questionnaires were summarised and presented in tables 
and figures depending on data analysis techniques. 
The questionnaires findings represented that the majority of the participants agreed on that the 






to produce better specifications, safe operation and minimum repair. The participants showed that 
they were highly aware of operability, maintainability and constructability terms. They agreed on 
that the ultimate goal of facility operability is to design and construct a facility that will remain 
safe, efficient and cost effective throughout its lifetime use. In terms of the benefits of performing 
the constructability review at early design stages of project; the participants clarified that 
minimizing the project risk, controlling the cost growth and controlling time growth represent the 
benefits of performing the constructability review at early design stages of project respectively. In 
addition, the majority of the participants agreed that there are many benefits from involving 
operability & maintainability concepts within constructability practice, which are having a smooth 
operation, followed by having a minimum maintenance, ensuring safety considerations in all 
project phases, monitoring the project budget and finally monitoring the project schedule. 
The results of interviews revealed that implementing operability and maintainability should be 
done at early project development stage, where the respondents have pointed to the benefits of the 
early implementation of both operability and maintainability, such as; helping in selecting suitable 
material, increasing operational availability through identify the possibility of failures, reducing 
life cycle costs and add additional expenditure after start-up. In addition, the participants agreed 
that there is a strong relationship between operability and maintainability along with 
constructability, as the involvement and participation of operation and maintenance in the project 
reflect positively in the construction and commissioning of the project. Also, the results of 
interviews indicated that the operation and process safety should be involved since the early project 
phases of the project, where the involvement of process safety, operation, and process engineers 






Interview results are consistent with questionnaire outcomes as they both revealed that 
implementing operability and maintainability should be done at early project development stage, 
also they both revealed that there are many benefits from involving operability and maintainability 
concepts within constructability practice, which are having a smooth operation, followed by 
having a minimum maintenance, ensuring safety considerations in all project phases, monitoring 
the project budget and finally monitoring the project schedule. Following is a summary of the main 
findings from online questionnaire and interview analysis. 
Generally, this examination has revealed insight into fruitful project conveyance through the 
combination of constructability, operability and maintainability. It exhibited the different practices 
actualized in the O&M of good framework projects so as to figure out numerous issues related 
with project delays. To address these O&M issues, all foundation project partners must help with 
creating appropriate standards gone for giving a less demanding early understanding of O&M 
thoughts with the arranging and configuration stages. This examination distinguished the 
operability and maintainability standards important to each project stage independently through 
using constructability practice as the stage for expansion purposes. Unmistakably every guideline 
of the last model impacts affects the successful and productive execution of construction, operation 
and maintenance. As indicated by the consequences of this investigation it can be concluded that 
keeping in mind the end goal to enhance and amplify the structure for the idea of constructability, 
will make framework project proprietors more mindful of the importance and capacity of early 









Depending on the main findings of this research, several recommendations have proposed to:  
1. Encouraging companies to integrate operability and maintainability into constructability 
implementation, where the use of such principles can result in projects with higher values 
and fewer O&M problems. 
2. Involving the operation and safety process since early project phases, where this will lead 
to identify unsafe and hazardous conditions. 
3. The management responsibility to have prepared procedures and checklist of implementing 
operability and maintainability. 
4. Providing managers with a supportive guideline which will show for them how to improve 
the operability and maintainability of Petrochemical projects through early integration 
processes. 
5. Providing managers with training programs in order to teach them how to implement 
operability and maintainability. 
6. Making O&M another critical teach in the pre-inhabitancy organize, uniquely in early 
Saudi petrochemical projects arranging and plan, precisely the same as the idea of 
constructability at present accomplishes for development.  
5.4 Research limitation 
 
The current study is concerned in addressing operability and maintainability issues, understand the 






benefits of performing the constructability review at early design stages of project and investigate 
the benefits from involving operability & maintainability (O&M) concepts within constructability 
practice. Several limitations were realized while accomplishing this research study. The first 
limitation is that the study was carried out in Saudi Arabia. The second limitation is that the 
selected research samples are limited to the Petrochemical Companies in Saudi Arabia and any 
other industry in other countries was completely neglected in this study. 
The third limitation is that the study sample size was consisted of employees and managers from 
the Petrochemical Companies in Saudi Arabia. The sample size and the actual number of 
respondents are also limited. Other researchers can utilize bigger sample sizes in order to discover 
further information about integrating operability and maintainability into constructability 
implementation in Petrochemical Projects. 
The final barrier that appeared while conducting this research is that the collected data through 
interviews and questionnaire surveys do not represent the perception of the overall population in 
Saudi society, but it provides readers with a simple display for the issue of integrating operability 
and maintainability into constructability implementation in Petrochemical Projects. As a result, it 
is considered useful to conduct similar research with a wider participants’ sample in order to 
support or deny findings resulted from this study. 
5.5 Future research recommendations  
 
This study came out with a few recommendations for future research. Further study should be 
carried out, such as investigating the barriers of implementing constructability, operability, and 






a model that clarifies how to integrate operability and maintainability into constructability 
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1. General Information: 
Name: ............................................................................................. 
Position: ..........................................................................................  
Company: ........................................................................................  
Phone No: ..................................................... Fax No: ..................................................... .................................. 
E-mail Address: ...............................................................................  
2. Your Position in the Organization 
 Project Manager 
 Project Engineer 
 Facility Manager 
 Other Engineering Discipline  
3. Please indicate the range of project budget done in your organization: 
 Less than SR50,000,000 
 Between SR50,000,000 and SR100,000,000 
 Between SR100,000,000 and SR500,000,000 
 More than SR500,000,000 
4. What type of project delivery is used in your project: 
 Traditional (Separate design and build) 
 Build-Operate-Transfer 
 Turnkey / Design and Build 
 (Please specify: ........................) 
5. How often do your organization engage operation and maintenance experts at planning, conceptual and detail design project phases: 
Check all that apply 
 Commonly. 
 Depend on type of project. 
 Depend on importance of equipment.  
 Never. 
6. Has your organization in the project planning phase include following activities: Check all that apply 
 Develop understanding of project goals and objectives among stakeholder. 
 Identify resources needed and available personnel. 
 Begin discuss operation and maintenance preliminary requirement.  
 Review lessons learned relate to operation and maintenance failure. 
 Specify required technical standards to be follow during engineering design phases. 
 None of the above. 
7. Has your organization in the project conceptual design phase include following activities: Check all that apply 
 Identify opportunities for use of operability and maintainability concepts. 
 Involve operation and maintenance experts for selection of major system and equipment. 
 Provide enough authority to operation and maintenance leaders to make a decision. 
 Discuss the concerns about accessibility of huge equipment. 
 Prepare formal checklists to ensure addressing maintainability objectives. 
 None of the above. 
8. Has your organization in the project detail design phase include following activities: Check all that apply 
 Ensure implementation of operability and maintainability concepts. 
 Identify essential tools and training requirements about operation and maintenance of equipment. 
 Specify and communicate operability and maintainability requirements to supplier. 
 Assurance of having updated specifications to allow easy operation and maintenance. 
 Using innovation idea to resolve many operation and maintenance issues. 
 None of the above. 
9. Has your organization in the project construction phase include following activities: Check all that apply 
 Assure desired level of maintainability objectives built into constructed project. 






 Conduct training for operation and maintenance for having smoother start-up. 
 Conduct maintainability assessment. 
 None of the above. 
10. Has your organization in the project during and after closeout phase include following activities: Check all that apply 
 Review all aspects of project to assure equipment meets requirements. 
 Record maintainability ideas generated and implemented on the project. 
 Data collection and information generated during this stage should be forward to future projects. 
 Assure availability of complete and up-to-date documentation relate to operation and maintenance of equipment. 
 None of the above. 
11. Do you agree that the participation of operation and maintenance experts during the planning and design phases can help to produce 
better specifications, safe operation and minimum repair? 
 Yes. 
 Sometimes 
 Depends on other factor. 
 No 
12. “Operability is the ability of an organization to operate a facility in a safe and efficient manner. The ultimate goal of facility operability 
is to design and construct a facility that will remain safe, efficient and cost effective throughout its lifetime use” Have you heard this 
term before? 
 Yes  No 
13. “Maintainability is the measures taken during development, design and installation of a manufactured product that reduce required 
maintenance, man-hours, tools, and logistic cost” Have you heard this term before? 
 Yes  No 
14. “Constructability is defined as a consequence of all project partners on the same project to optimize the indispensable background 
experience through project feasibility planning and Design phases. What are the benefits of performing the constructability review at 
early design stages of project: Check all that are right 
 Controlling time growth. 
 Controlling cost growth. 
 Minimize the project risk. 
 Does not have any benefits. 
15. What are the benefits from involving Operability & Maintainability (O&M) concepts within constructability practice: Check all that are 
right 
 Having a smooth operation. 
 Having a minimum maintenance. 
 Monitoring the project budget. 
 Monitoring the project schedule. 
 Ensuring safety considerations in all project phases. 
 Does not have any benefits. 
16. Where do you think operability and maintainability should be implemented: Check all that apply 
 Complex Projects. 
 Large Projects. 
 Certain types of Projects. 
 Small Projects. 
 All Projects. 
 Not required. 
17. Do you think operability and maintainability should be included as a task during planning and design phases of the project. 
 Yes. 
 Sometimes. 
 Depends on other factor. 
 No. 






 ALWAYS SOMETIMES NEVER 
a. Your organization realize the benefit of integrate operability and 
maintainability at early project phases. 
      
b. Consider having convenient accessibility for repair major plant equipment.       
c. Look for innovation to solve operation and maintenance issues.       
d. Allow some flexibility in design to treat operation and maintenance issues.       
e. Provide enough authority for operation and maintenance to contribute their 
input within the design phases. 
      
f. Contractor is responsible of submitting operation documents and manuals to 
project owner. 
      
g. ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ .       
h. ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ .       












At Project Time: 
• Do you encounter any claim for change order? Was it relates to operation and 




• Do you encounter any delay in project schedule? Was it relates to operation and 








• Were operation and maintenance experts fully engaged since early project stages? What 









After Commissioning the Facility:  
• Do you encounter any issues after commissioning of the facility? Was it relates to 
operation and maintenance? Was it impact the production? What has happened? What 




• Is the same project EPC contractor perform the corrective decision? Was it consider as 













• How your organization implements operability and maintainability? In which project 









• Does your organization have prepared procedures and checklist of implementing 





• Do you agree with the research approach by integrating the operability and 
maintainability along with Constructability? What is the value this research can add to 




• Do you see your organization implement this research concept exactly as it’s presented 
to you? If yes, then why do you have issues after commissioning? If not, then why it was 







• Do you agree with the involvement of operation and process safety since early project 
phases to identify unsafe and hazardous conditions? As example, what was happen 




• Are all documents relate to operation and maintenance were available (with good 
quality) after startup the facility? If not, then what was the reason? Do you believe it's 
supposed to be part of operation and maintenance persons involved in project to confirm 



































Appendix C:  List of Companies  
 
The company name Frequency Percentage (%) 
Al-Jubail Petrochemical Company (KEMYA) 1 1.9 
Arabian Petrochemical Company (PETROKEMYA) 11 21.2 
Jubail United Petrochemical Company (UNITED) 16 30.8 
Jubail Fertilizer Company (AL BAYRONI) 1 1.9 
Saudi Arabian Fertilizer Company (SAFCO) 8 15.4 
Hadeed Saudi Iron & Steel Company-SABIC 1 1.9 
SABIC Engineering And Project Management 
(E&PM) 
1 1.9 
Saudi Petrochemical Company (SADAF) 1 1.9 
GAS-SABIC 1 1.9 
Saudi European Petrochemical Company (IBN 
ZAHR) 
1 1.9 
National Methanol Company (IBN SINA ) 1 1.9 
Saudi International Petrochemical Company 
(Sipchem) 
1 1.9 
Advanced Petrochemical Company 1 1.9 
Eastern Petrochemical Company (SHARQ) 3 5.8 
Saudi Kayan Petrochemical Company 1 1.9 
Yanbu National Petrochemical Company (YANSAB) 1 1.9 
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